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MILES of JOISTS. 


produced from one 
set of WATCO forms 


Here’s real service . . . proof of the 
dependable performance you get 
when you install WATCO steel 
forms. R. H. Wright & Son, Inc., 
Fort Lauderdale, started casting 
I-joists in these WATCO forms in 
1955. To date the firm has pro- 
duced over 75,000 lin. ft. of pre- 
stressed concrete from this one set 
of forms . . . with no time out for 
repairs or replacements since the 
forms were installed. 


When you plan the installation of 
“~Y \ SS ‘ new forms, get the facts first from 
The casting yard of R. H. Wright & Son, showing the Plant City . . . learn why WATCO 





430-ft. long WATCO steel form used to produce the forms — engineered right, made 
more than 75,000 lin. ft. of prestressed concrete right, for long, dependable, trouble- 
I-joists since installation in 1955. free service — are first choice of 


leading big-volume prestressed con- 
crete producers. 





PLANT CITY 





163rd Street Shopping Center, Miami, required 899 


prestressed concrete I-joists to frame in the roof We Iding 7 Tank Co mpany 


area. Center was designed by Gamble, Pownall & 
Gilroy, architects, Fort Lauderdale, and the General °- ©: ®O*% '30958 PLANT CITY FLORIDA 
Contractor was Frank J. Rooney, Inc., Miami, Florida. P 
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* Piling * Double Tee Slabs + Beams ~° Joists * Girders + Sea Wall 
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Overload test of Beverly Road 
Bridge. Four spans, continuous 
under live loads, center to center 
of piers measured along center 
line of girders are: 42’-10"; 
70’-5"; 70°-5”; 42’-10". Skew is 
20°. Precast prestressed I-sec- 
tion girders—without intermedi- 
ate diaphragms — are 48” deep 
and placed 7’-6” center to cen- 
ter. Precast, pretensioned 212” 
deck slabs were placed on the 
girders with a 5” slab poured on 
top. Intermediate piers are 36” 
diameter prestressed hollow 
piles with 4” walls. 

Girders and 242” slabs for the 
test bridge made by Prestressed 
Concrete Structures of Frank- 
fort, Illinois, using Roebling 
7-wire stress-relieved strands. 


Placing 42’-10” span girder on 
Beverly Road Bridge 


Write for your free copy of 

Roebling’s 16-page booklet, 

“Tensioning Materials for 
Prestressed Concrete.” 


for 212 Bridges! 


This choice is the result of exhaustive research 
together with testing of the continuous type of 
prestressed structure which was adopted. In- 
itial cost, efficiency, delivery and maintenance 
were factors that governed the final choice... 
and each was more successfully met by pre- 
stressed concrete than any other type of bridge. 


The initial cost of the prestressed concrete 
design is appreciably lower than with existing 
alternate designs and materials. 


Dynamic tests on the Beverly Road Bridge 
proved conclusively that the prestressed method 
means less vibration and deflection under high- 
speed traffic—two factors which are cause for 
increasing complaints on other types of bridges. 


The faster delivery (first bridge will be 
delivered about 5 months after bidding) will 
reduce cost of other construction operations be- 
cause these bridges can be used for access to 
uncompleted highway sections. Highway can 


begin collecting tolls on completed sections 
sooner. 


Prestressed concrete requires no painting — 
repair and maintenance costs are less. The 212 
bridges in the Northern Illinois Toll Highway 
will have a total of 6300 prestressed girders 
varying in length from 40 to 90 ft. Bridges are 
designed by Joseph K. Knoerle and Associates, 
Inc., Baltimore, Maryland. 


For data on tensioning elements, casting yards, 
fabrication methods, design procedures and 
other information, write Construction Materials 
Division, John A. Roebling’s Sons Corporation, 
Trenton 2, New Jersey. 
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Subsidiary of The Colorado Fuel 
ond Iron Corporation 











W 0} R l 1} Progress in prestressed concrete 


will be the theme of a WORLD CONFERENCE 
to be presented by the University of California 
in cooperation with the Prestressed Concrete Institute 
and other technical societies. 
The 3rd Annual meeting of the PCI 


will be held simultaneously with the Conference. 


The 5-day Conference will bring together scientists, 
engineers and manufacturers from the United States, 
Canada and foreign countries in order that their knowledge and 
experience may be pooled for the advancement of the 
science and industry of prestressed concrete. 
The dates of the Conference are: 
July 29 through August 2, 1957. 
The place: Fairmont Hotel, San Francisco, California. 
Registration fee: $25.00 (U. S. Currency). 
For reservation forms write to: 
Department of Conference & Special Activities, 
University Extension, University of California, 
Berkeley 4, California, U.S.A. 


Make your reservation now to attend 
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JOURNAL 





The primary functions of the PCl JOURNAL are: 
the exchange of ideas among the members of 
the Prestressed Concrete Institute; to further the 
knowledge, application, production and use of 
prestressed concrete. To achieve this goal, mem- 
bers from every phase of the industry should 
make frequent contributions, technical and non- 
technical, to the JOURNAL. 


Items that would be of interest to our many 
readers include new and unusual applications, 
results of theoretical and experimental research, 
production problems, and transportation and con- 
struction problems involving extraordinary fea- 
tures. Photographs or drawings of structures hav- 
ing unusual features would also be welccme 
contributions. 


The success of this publication depend; on the 
interest and active participation of the members 
of the Institute and our readers. Let us hear from 
you often; we welcome any news of the pre- 
stressed concrete industry and your organizations. 








The JOURNAL is published quarterly by the PRESTRESSED CONCRETE INSTITUTE, INC., 425 N.E. Sih 
Street, Boca Raton, Florida. TECHNICAL EDITOR: Dr. A. M. Ozell, University of Florida, Gainesville, 
Florida. ADVERTISING, SUBSCRIPTION and PUBLICATION OFFICE: 3132 N.E. 9th Street, Fort Lauderdele, 
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Subscription rate: $6.00 per year for four issues. For subscriptions outside the continental limits of the 
United States, add 20% to cover handling and mailing. 


Editorial contributions to the JOURNAL are welcomed, but publication cannot be guaranteed. All 
manuscripts should be submitted in duplicate and will be reviewed and approved by the Technical Editor 
prior to publication. Advertisements of products, services and materials allied to the presiressed concrete 
industry are welcomed in the JOURNAL. Address all inquiries concerning advertising rates and mechanical 
specifications to the Publication Office. iC 
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INTRODUCTION 

There are several factors which influence 
the modulus of elasticity of concrete, notably 
the strength of concrete, the properties and 
size of the aggregates, type of cement, the 
curing method, and the definition of modu- 
lus of elasticity itself, whether tangent, .ini- 
tial, or secant modulus. The modulus may 
vary also with the speed of load application 
and with the type of specimen, whether a 
beam or a cylinder. With all these variables 
it is almost impossible to predict accurately 
the value of the modulus for a given con- 
crete. 

For low strength concrete, as employed in 
conventional reinforced concrete construc- 
tion, it was found convenient to use empiri- 
cal formulas to determine the value of the 
modulus of elasticity as a function of the 
ultimate strength. The results were reliable 
for low strength concrete but for high 
strength concrete, they were not at all in 
agreement with the actual behavior. 

In general, test data on prestressed con- 
crete beams indicate that the values of the 
modulus of elasticity determined from meas- 
ured deflections are higher than those deter- 
mined from measured strains. This observa- 
tion gives rise to many questions. What, if 
any, is the relationship between the “deflec- 
tion modulus” and the “strain modulus”? 
Can these moduli be related to the cylinder 
strength of the concrete? What is the rela- 
tionship between the ultimate stre ngth of 
concrete in compression and in flexure? 

The purpose of this study was to define 
more accurately the behavior of prestressed 
concrete in the so-called elastic range, or be- 
fore cracking. A series of beams of various 
lengths, cross sections, and prestress were 
tested and strain distribution and _load- 
deflection measurements were taken. Test 
data on prestressed concrete published by 
other investigators were also collected. From 
this data a comparison was made with the 
theoretical approach, and the various as- 
sumptions checked for accuracy. 
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Fig. 1. --Test loading and details of test beams R4, 


R6, RY, Rll, R13, R14, and R15. 
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Fig. 2.--Details of test beams T-l, T-2, T-3, and T-4 
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Fig. 3.--Calculated stress distribution before loading - 
R and T Series (20% stress loss) 
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Based on 10% stress loss 


Fig. 4. Cross section of beams of I Series and calculated 
stress distribution before loading 


An effort was made to develop a theory 
which will accurately predict deflections and 
strains in prestressed concrete beams in flex- 
ure. Comparisons were made between the 
developed theory, the straight line or the 
elastic theory, and the actual measured 
values. 

DESCRIPTION OF SPECIMENS 

Some of the beam specimens (R-Series ) 
had square cross sections, as shown in Fig- 
ure 1, with an overall length of 16 ft. The 
cylinder tests indicated an average ultimate 
strength of 8000 psi and an average initial 
modulus of elasticity of 5.15 x 10® psi. In all 
cases, at least three cylinders were tested. 

Other beam specimens (T-Series) were 
tee-sections with cross sections as shown in 
Figure 2 and an overall length of 15 ft. The 
test set up was the same as shown in Fig- 
ure 1. The cylinder tests gave the following 
results: 


Prestressing Force Dead Load 


«, 304 -.05f% 
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Fig. 5.--Typical stress distribution 
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Average ultimate strength, f’c 7580 psi 
Average initial modulus of 
elasticity 4.75 x 108 psi 

The calculated stress distribution for R 
and T Series before loading is shown in 
Figure 3. 

Also included in this study are test results 
of two bridge I-beams 27 in. deep, having 
40-ft. span and pretensioned with nineteen 
7/16-in., seven-wire strands. The cross sec- 
tion of these beams, I-21S and I-31S, and 
the stress distribution before loading are 
given in Figure 4. The cylinder tests gave 
the following results: 

Average ultimate strength, f’c 5200 psi 

Average initial modulus of 

elasticity 4.3 x 108 psi 

In calculating the stresses due to preten- 
sioning, 20 per cent stress loss was assumed 
for R and T Series since the beams were 
about 100 days old when tested, and 10 per 
cent stress loss was used for I Series as I-21S 
was two days and I-31S was three days old 
when tested. 

DEVELOPMENT OF THEORY 
Basic ASSUMPTIONS 

In flexural analysis of prestressed concrete 
below the cracking load, the straight-line 
theory has been accepted as a_ reliable 
method of determining stress-strain relation- 
ships. The main advantages of this theory 
are its simplicity and adaptability to design. 
For conventional reinforced concrete this 
idealized stress-strain curve is appropriate 
because the allowable stresses are limited to 
such low values that for all practical pur- 
poses the stress-strain curve can be assumed 
to be a straight line. This assumption is not 
necessarily valid in prestressed concrete, 
however, since in some conditions of pre- 
stressing it is possible to have very high com- 
pressive stresses in the top fiber of a beam 
and still little or no tensile stress in the bot- 
tom fiber (Figure 5). With this condition 
the stress level is no longer within the elastic 
portion of the curve (Figure 6). 

The theory developed here is based on 
the assumption that the stress-strain curve of 
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Fig. 6.--Typical stress vs. strain curve 
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concrete, both in compression and in flexure, 
is a second degree parabola. This is by no 
means a new concept since other investiga- 
tors (1, 2) have assumed parabolic distribu- 
tion of stresses in flexure. 

Since the ultimate strength of a concrete 
mix is determined by compression tests of 
cylinders, an idealized stress-strain curve of 
concrete in compression will be developed. 
Assuming a parabola, the equation of the 
stress-strain curve would be: 


co e- ie (1) 


£9 &o 


or 1 
7 [ : =() - 2) ] (1) 


where f’c is the ultimate stress in compres- 
sion, eo is the strain at the ultimate stress, fc 
is the stress at any point on the curve and e 
is the corresponding strain. 

In order to define the stress-strain curve 
for any given concrete strength, a relation- 
ship must be determined between f’c and 
eo. In this study the ultimate strain is de- 
fined as the strain at the ultimate stress. For 
high strength concrete the ultimate strain 
actually will be the strain at failure. How- 
ever, this is not so for low strength concrete 
(Figure 7). Concrete strengths included in 
this study range from 5000 psi to 8000 psi 
and will be designated as high strength, al- 
though the actual transition point between 
a high and a low strength conerete, as de- 
fined by Figure 7, is not known. 

Available data on the ultimate compres- 
sion strains in concrete is rather conflicting. 
Some of these are reproduced in Fig. 8 for 
a comparison. The variation in the results 
reported could be attributed to the different 
concretes used, instrumentation, speed of 
loading and techniques in testing. For this 
study, a straight line relationship for values 
of f’c above 3000 psi as shown in Fig. 10 
was assumed. 

In Figure 9, the theoretical stress-strain 
curve determined by equation (1) and Fig- 
ure 8 is compared with a measured stress- 
strain curve. In this case the ultimate 
strength of the concrete was 5840 psi and 
the ultimate strain was 25.5 x 10-‘ in./in. 
Substituting these values in equation (1): 

fe = 4.58 x 10° e — 898 x 108 e? 

It is apparent from Figure 9 that the pa- 
rabola is a reasonable approximation of a 
stress-strain curve for concrete in compres- 
sion. It has generally been accepted that 
stress-strain relationships obtained in com- 
pression tests may be applied to flexure with 
good accuracy, hence, a second degree pa- 
rabola is assumed here for the stress-strain 
curve in flexure. The maximum stress in 
flexural compression, f”c, is assumed to equal 
90 per cent of f’c. The value of 90 per cent 
was taken from test data by Magnel (3) 
who reported a maximum compressive strain 
of 12.8 x 10-4 in./in. and a maximum tensile 
strain (before cracking) of 0.375 x 10-4 
in./in. These strains were measured on a 
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prestressed concrete beam with a cylinder 
strength of approximately 5200 psi. It was 
found that in order to be consistent with the 
measured strains and deflections, the maxi- 
mum stress in flexural compression had to be 
approximately 0.9 f’c. Hence, for this study 
it is assumed that f”c is 90 per cent of f’c for 
high strength concrete. 

The relationship between the ultimate 
stress and ultimate strain in flexure was de- 
termined from the test data to give the best 
correlation between the measured and the 
calculated deflections. Figure 10 shows the 
relationship thus determined. 

By assuming a parabolic stress-strain rela- 
tionship, the initial modulus, Ef, can be de- 
termined by the formula: 


— 9 f% 
Ef = & f Cc (2) 
“o 

At this point it might simplify matters to 
point out that the slope of the stress-strain 
curve will be referred to as the modulus, E, 
and since the curve is parabolic, the modu- 
lus will not be constant and should not be 
confused with the modulus of elasticity 
which is generally denoted by E. 

Substituting the relationship obtained from 
Figure 10 into equation (2), the initial 
modulus can be determined as only a func- 
tion of fc: 

Ef = 2f’c (5 x 106) 9 

: (2a) 
fic + 7000 

By differentiating equation (1) the slope 
of the compression stress-strain curve or the 
modulus at any point can be defined: 





, 9 , . 
dfc - E si 2f’c = 2f'c e (3) 
de ee e@,* 
or for the flexural stress-strain curve, we 
have: 
. = 


2" 2f"c 


e2 
. 0 Oo 





(3a) 


and by using equations (la) and (2), we 
get: 

E Ef ( 1 — fe )% 

f’c 

Finally, by substituting in equation (2a), 
the modulus can be determined as a func- 
tion of fe and f”c only; that is to say, the 
modulus can be determined as a function of 
the stress level only: 

10 x 10° f'cel — fe ] Ye (3c) 

f’c + 7000 f"c 

In order to determine an effective modu- 
lus to be used in deflection calculations, it is 
assumed that the effective E will be an aver- 
age of the values of E determined by the 
stresses at the top and bottom fibers. Since 
the two values will be the extreme values, it 
seems that an average of the two extremes 
would be the likely value. 

It should be noted, however, that due to 
loading conditions, the portion of the beam 
subjected to extreme fiber stress could be rel- 
atively small. In such cases an arithmetic 
mean stress would be a more proper value to 


(3b) 
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Fig. 10. --Relationship between ultimate stress and ultimate 
strain in flexure 
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Fig. ll. --Theoretical stress-strain relationship of concrete 
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use; however, such a refinement would be 
cumbersome and not justified since many un- 
knowns in the concrete properties of any 
given beam could offset such an improve- 
ment. 


In many cases the bottom fibers of a beam 
will be in tension and it is therefore neces- 
sary to extend the flexural stress-strain curve. 
The tension portion of the curve is assumed 
to be a continuation of the flexural compres- 
sion curve. 


The direct tensile strength of concrete is 
a highly variable item generally ranging 
from .06 f’c to .10 f’c (4) and may be zero 
if cracks have developed as a result of 
shrinkage. The modulus of rupture in con- 
crete is known to be higher than its direct 
tensile strength, varying from about .10 f’c 
to .15 f’c (5). For this study an average 
value of .13 f’c was taken for the maximum 
flexural tensile strength and, as soon as cal- 
culated tensile stress exceeds this limit, it is 
assumed that the section has cracked and 
the theory no longer applies. The value of 
E on the tension portion of the curve can 
still be determined from equation (3c) but 
tensile stresses must be saems as negative, 
thus changing the sign under the radical. 
Hence, the values of E for tensile stresses are 
larger than the initial modulus. This seems 
logical since test results have shown that the 
modulus is larger in decompression than in 
compression. 


The final assumed stress-strain relationship 
is shown in Figure 11. 


APPLICATIONS 

The main purpose of developing this 
theory was to provide a method of deter- 
mining a value of E which could be used 
with reasonable accuracy in deflection cal- 
culations of prestressed concrete beams. In 
developing the expression for E, a theoreti- 
cal value for E was derived first so that it 
would be possible to compare theoretical 
and measured strains as well as deflections. 

Although the expression for E contains 
only two variables, fc and f’c or f”c, it is 
still rather cumbersome to determine. There- 
fore, it might be more convenient to draw a 
series of curves as shown in Figure 12, 
where the value of E can be selected for any 
stress level and for several strengths of con- 
crete. Where the curve crosses the abscissa 
is the value of the initial modulus for the 
given f’c. The positive ordinates denote 
compressive stress levels, the negative denote 
tensile stress levels. 

EXAMPLE 

As an example of how the theory is ap- 
plied, one of the test specimens will be ana- 
lvzed by the straight line theory and then by 
the use of the effective modulus. 

Taking test specimen T-1, the stress in 
the top fiber due to prestress and dead load 
is 137 psi compression and that in the bot- 
tom fiber is 681 psi compression. With a 
superimposed load of 1860 Ibs. the stress in 
the top fiber is 315 psi compression and that 
in the bottom fiber is 117 psi compression. 
An average of six cylinders gave f’c = 7580 
psi and an initial modulus of elasticity of 
4.75 x 108 psi. 
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Straight Line Theory 
1860 x (174)° 


fi i = : me . 
GeBoction 48 x 4.75 x 10° x 1374 








= .0313 in. 
Strains due to live load: 
315 
Top fibe =... vm 
ied > 5 Oe ' TIS x 10° 
1 
Srey, 296 2 20-8 
4.75 x 108 . 
Bottom fiber e = 681 
7 4.75 x 108 
ll . 
——--'__ ss = 11,89 x 10-5 
4.75 x 108 3 
aime *4 E Method 
Top fiber = * = 315 0416 
tint Sager Fre 7580 
from Figure 12, E = 4.26 . 
Bottom fiber fc = pit 0155 
| fc 7580 
H E = 435 
effective E = 4.26 aoe 4.305 x 108 
deflection = 1860 x (174)* . 
48 x 4.305 x 10® x 1374 
= .0344 in. 


Strains due to live load: 
0.9 x 7580 + 7000 


from Figure 10, eo = 
_ 5 x 10° 


= 2.77x 10 





Top fiber using equation (1a): 
e, for fe of 137 = .0316 x 10-3 


e, for fe of 315 = .0727 x 10-% 
e=e,-¢, = 4.11 x 10-5 


Bottom fiber: 
e, for fe of 681 = 16.1 x 10-° 


e, for fe of 117 = 2.5 x 10-5 
e=e,-e,= 13.6 x 10-5 


Test Results 


Deflection = .0342 in. 
Top fiber strain, e = 2 x 10-5 — 
Bottom fiber strain, e = 14 x 10-5 


DISCUSSION OF TEST RESULTS 
DEFLECTIONS 
Figures 13 and 14 show the load-deflec- 
tion curves for the square beams. It can be 
seen that the theoretical curves compared 
favorably with the test results. However, the 
straight-line theory also was in reasonable 
agreement with the test results. This agree- 
ment was to be expected since the square 
beams had a very high ultimate strength, 
f'c = 8000 psi, and had no eccentricity. 
From Figure 10 it can be seen that just be- 
fore rupture, strain in flexure increases very 
rapidly as the stress increases. Therefore, an 
extremely high strength concrete will have a 
stress-strain curve in flexure very similar to 
the stress-strain curve in compression. Hence 
— the modulus of elasticity determined from 
cylinder tests will be very close to the value 
of the initial modulus in flexure, and the de- 
flection determined by the elastic theory will 
approximate the value determined by the 
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arabolic theory. This is especially true at 
ow stress levels, which was the case for the 
square sections. Since there was no eccen- 
tricity of the prestress force, the compressive 
stresses were relatively low at the time the 
section cracked. 

Figures 15 and 16 are for the tee-sections 
and again because of the high ultimate 
strength, f’c = 7580 psi, and the low stress 
level, both the elastic and the parabolic 
theories are in reasonable agreement with 
the measured deflections. In Figure 15, the 
fact that beam T-2 was cracked before test- 
ing explains the large deviations in the upper 
portion of the curve. 

Figures 17 and 18 give the load-deflection 
relationship for the I-sections. These sec- 
tions had ultimate strengths of 5200 psi and 
relatively high stress levels at time of crack- 
ing. It is believed that the parabolic theory 
gives much better agreement with the meas- 
ured deflections. 


It is obvious that the parabolic theory can- 
not be justified for extremely high strength 
concretes and low stress levels since the elas- 
tic theory gives reasonable results and is 
much simpler. For other than extremely 
high strength concrete and low stress levels, 
however, the effective E determined by 
the parabolic theory appears to be more 
accurate. 

STRAINS 

The theoretical and measured strains for 
I-Series are presented in Table 1. The strains 
determined by the elastic theory are, in gen- 
eral, slightly higher than the measured 
strains, while the strains determined by the 
developed theory tend to be slightly lower. 
In Figure 19 a comparison is made of the 
theoretical and measured stress-strain curves, 
using the average values of the four beams 
in Table 1. This comparison indicates that 
the theoretical stress-strain curve in flexure is 
slightly steeper than the true stress-strain 
curve in flexure and that the true curve is 
slightly steeper than the elastic curve where 
the modulus of elasticity is determined by 
compression tests of cylinders. 

DEVELOPED THEORY 


The test results indicated that. deflections 
can be accurately predicted by using an 
effective E as determined by the developed 
theory. It was also determined that the theo- 
retical stress-strain relationship does not pre- 
sent a true picture of the behavior of the 
beams. If the true stress-strain curve were 
less steep than the assumed curve, it is obvi- 
ous that the effective E would be smaller; 
hence the calculated deflections would no 
loncer avree with the measured deflections 
and would yield higher values. In that case, 
there would have to be some other factor 
tending to reduce the deflection. In the de- 
velopment of the theory, the assumption was 
made that the only variable affecting the de- 
flection of a flexural member before crackin 
was the modulus and that the modulus could 
le determined solely from the stress level of 
the beam at any instant. It is quite possible 
that this assumption was erroneous. 
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| on ___|____ Elastic Theory 


Top | Bottom 
| Beam Kips Fiber Fiber 
}1-21S 10 20.3 14.7 
15 30.5 22.1 

20 40.6 29.4 
25 50.7 36.8 
30 60.9 44.2 
1-31S 10 20.4 14.8 
20 40.8 29.5 
25 51.0 36.9 
30 61.2 44.4 
1-41-S 10 19.5 14,1 
15 29.2 21.1 
20 38.9 28.2 
25 48.7 35.2 
30 58.4 42.3 
1-41-W 10 19.5 14.1 
15 29.2 21.2 
20 38.9 28.2 
25 48.7 35.2 
30 58.4 42.3 





One possibility is that the prestressing 
force has the effect of a horizontal load act- 
ing at the end of the beam, thus inducing a 
column-effect so that when the _prestress 
force is below the centroidal axis it tends to 
decrease the deflection, and when above, it 
tends to increase the deflection. This inter- 
oretation would account for the difference 
Gaiecen the theoretical and measured stress- 
strain curve and would also explain the rela- 
tively large deflections exhibited by the 
square sections. These sections were pre- 
stressed concentrically, therefore, when the 
beam started deflecting, the prestress force 
would be above the centroidal axis and thus 
increase the deflection. Although the col- 
umn-effect theory might explain some of the 
discrepancies in the test results, it would be 
extremely difficult to determine quantita- 
tively its effect on the deflection. Although 
the prestressing strands are bonded through- 
out the entire length of the beam, the bond 
stresses are developed at the ends and theo- 
retically there are no bond stresses in the 
center portion of the beam. With this condi- 
tion it seems logical that a column-effect 
would develop. 

A thorough investigation of ultimate strains 
in flexure would be extremely beneficial 
in determining the validity of the developed 
theory and would also lead to a much better 
understanding of the behavior of prestressed 
concrete members in flexure. 

Apparently the cross-section has no direct 
effect on deflections, since the developed 
theory gave reasonable results for all three 
types of cross-sections studied. The cross- 
section would affect the deflection indirectly 
of course, since the extreme fiber stresses are 
dependent on the location of the centroidal 
axis, which in turn depends on the shape of 
the cross-section. 
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TABLE | 
STRAIN, IN/IN, X 10-5 














____Developed Theory | = Measured 
Top Fiber Top Bottom | 
Fiber ; Bottom a Fiber ; _ Fiber 
14.1 11.1 26 12 
21.9 16.3 30 19 
30.3 21.3 33 28 
39.3 26.0 50 34 | 
49.6 30.8 58 44 
15.4 12.1 17.5 18 
32.8 23.1 37 28 
42.2 28.2 46 37 
53.1 33.4 56 46 = 
15.7 12.1 1] 11 
24.1 17.8 2 18 
33.4 23.3 35 26 
43.0 28.6 43 31 
53.9 33.8 54 38 
14.1 10.9 21 10 
21.6 16.0 26 16 
29.1 21.2 39 19.5 
39.1 25.6 42 24.5 
49.) __ 30.4 52.5 34.5 

CONCLUSIONS 


1. The deflection of a prestressed concrete 
beam can be determined with reasonable 
accuracy by using an effective modulus 
as determined by the developed theory. 

2. Calculated strains using the developed 
theory were, in general, slightly lower 
than the measured strains. 

3. Theoretical strains were approximately as 
accurate as those determined by the elas- 
tic theory. 

4. The shape of the cross-section, per se, 
has little direct effect on the deflections. 
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SPECIAL PROCESS 


The Whiteley graphiting process 
inserts graphite into the plate 
under hydraulic pressure, pro- 
ducing permanent lubrication — 
these graphited plates will never 
be affected by moisture or tem- 
perature. The Whiteley olate is 
permanently lubricated when 
manufactured. Therefore, no ad- 
ditional lubrication at the time of 
field installation is necessary. 
Self-lubricating expansion plates 
available in thicknesses and sizes 
according to your specifications 
and needs. Supplied with graph- 
ite lubrication on one or both 
sides. 

Additional information and test 
reports available on request. 


THE 
Whiteley 


Bearing 


CORP. 
1238 S. Ashland Avenue 
Chicago 8, Illinois 
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Exhaustive field tests have 
proved Whiteley graphited ex- 
pansion plates give anti-friction 
performance with an absolute 
minimum of field service, even 
under the most adverse condi- 
tions. These dependable, self- 
lubricating bronze plates are ap- 
proved by construction engineers 
for floating bearing linkage on 
heat exchangers, boiler vessels, 


@e Other 
graphited 
bronze 
products 
that bear 
the WHITE- 
LEY name 
are Thrust 
Washers, 
Bearings — 
stand- 
ard loop 
grooved or 
the drilled 
hole type— 
and Bronze 
Bushings. 


and bridges. 














CUMFLOW mixers are available in 6 sizes, from 2 cu. ft. lab. models to 50 cu. ft. pro- 
duction models. Stationary or portable, with or without skip. Power optional. Mixers 
furnished for electric, gasoline or Diesel power operation. 


CUMFLOW 


SCIENTIFIC MIXING SYSTEMS 


Manufactured by THE LINER CONCRETE MACHINERY COMPANY, 
LTD., of Gateshead, England 


The CUMFLOW SCIENTIFIC 
MIXING SYSTEM is designed and 
built expressly for the precast and 
prestressed concrete industries. Using 
this system you can obtain from 15 
to 40 uniformly mixed batches of con- 
crete per hour. CUMFLOW mixes 
any type concrete desired — slump, 
es or wet mix, lean or rich mix, 
ne or coarse mix, light or heavy mix 
—with 100% efficiency and uniformity. 
The CUMFLOW SCIENTIFIC 
MIXING SYSTEM consists of a mixer 
star supported eccentrically over the 
mixing pan. The star revolves at a 
relatively high speed. Blades attached 
to the star are arranged so as to ob- 
tain the maximum number of points 
of intersection during revolution. 
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Batched materials are fed continu- 
ously to the mixing star by the pan’s 
revolutions and are mixed evenly and 
thoroughly in a matter of minutes. 
Further mixing action is obtained by 
fixed side blades. This unique system 
gives an absolute clean pan after each 
discharge — no part of the mix is car- 
ried over to the next batch. 


CHECK THESE IMPORTANT 
ADVANTAGES 


Every batch uniform; no variation whatsoever 
Greater strength concrete 

with minimum cement content 

Balling or segregation impossible 
Self-cleaning pan 

Up to 11,700 psi concrete possible 

From 10% to 25% savings in cement content 
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The CUMFLOW SCIENTIFIC 
MIXER SYSTEM was perfected after 
years of research to meet a growing 
demand by engineers for a more in- 
tensive mixing element which would 
give them complete control of the 
product at all stages a feature 
not obtainable in conventicnal-type 
mixers. 

One user of this system, with a 
cement bill of $1,090,000 a year, says: 
“On tests, we have found Mixer A 
gave us 4,200 psi; the CUMFLOW 
gave us 6,000 psi concrete. We re- 
duced the cement content in the 
CUMFLOW by 25% and were able 
to obtain 5,000 psi concrete. We have 
also obtained concrete of 10,000 to 


11,000 psi in this mixer.” 

The CUMFLOW SCIENTIFIC 
MIXERS, manufactured by the Liner 
Concrete Machinery Co., Ltd., Gates- 
head, England, are built on the lines 
of a machine tool. They are not to be 
confused with conventional-type mix- 
ers. Available on a world-wide basis, 
with several parts depots maintained 
in America for prompt replacement 
service. 

To realize savings of from 10% to 
25% on cement costs, and to produce 
uniform mixes every time, write us, 
advising in cu. yds., the production 
needs per hour of your plant. We will 
promptly forward details of the size 
mixer best suited to your needs 


The Basalt Rock Co., Inc., Napa, California, is one of the many North American users of 
LINER CUMFLOW SCIENTIFIC MIXER SYSTEMS. 


Distributor and agent in North America for 
the LINER CONCRETE MACHINERY CO., 
LTD., Gateshead, England. 


°5 are 2lershin, j 
mM Valifiad avs” “CU [Vi F OW 
“t MIXER ENGINEERING 


9201 SAN LEANDRO STREET * OAKLAND 3, CALIFORNIA 
5961 YEW STREET co VANCOUVER 13, BRITISH COLUMBIA * CANADA 
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BEST FOR POST-TENSIONING ... 
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Grout Tuee 
DUOFLEX’ 
LOD,- STRAND 


(Ske ano 
Ll CABLE CASING 





Par. PENDING 





There is only one DUOFLEX casing specially designed for post-tensioning 
prestressed concrete used over bar, strand, or cable 


DUOFLEX is designed for the greatest possible economy to keep your bids low 
— providing the best possible price for casing delivered to the job-site. 


arts 


DUOFLEX casing has no peer. It is designed right and made right. 
Specify DUOFLEX casing and Grout Connections and be right on all counts. 


FLEXCO PRODUCTS, INC. 


Flexible Metal Hose and Tubing for Industry 


Metuchen, New Jersey 
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Two types of strand 
are discussed in this 
article. At left is 7- 
wire incoated strand 
of type used for pre- 
tensioned, bonded 
work. At right is gal- 
vanized strand such 
as is used in post- 
tensioning, of 1-in. 
diameter, with 19 


wires. 


Wire and 
Strand 


for 
PRESTRESSED 
CONCRETE 


H. KENT PRESTON, M. ASCE 


John A. Roebling’s Sons Corporation 
Trenton, New Jersey 


Every prestressed concrete tensioning ele- 


ment should have certain properties, namely: 

l. High strength, to minimize the per- 
centage of stress loss due to such factors 
as shrinkage and plastic flow. 

2. Low coefficient of creep. 

3. Ease of handling. Not only do cranky 
wire and_ strand add considerably to the 
contractor’s costs, and therefore to his sell- 
ing price, but the rough handling necessary 
to fight them into place often leaves them 
nicked, kinked, or otherwise permanently 
damaged. 

4. Good surface for bonding to concrete 
on uncoated tendons. 


(Reprinted fr from June 1956 issue af Crvit 
ENGINEERING, published and copyrighted by 
the American Society of Civil Engineers ) 
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5. Sufficient ductility, and uniform mod- 
ulus of elasticity. 

6. Resistance to stress-corrosion. 

The wire referred to in this article is high- 
strength uncoated stress-relieved wire made 
specitically for use in prestressed concrete. 
The uncoated strand discussed is the 7-wire 
stress-relieved strand made specifically for 
use in pretensioned, bonded prestressed con- 
crete. The galvanized strands for post-ten- 
sioning are the type that has been used in 
suspension bridges for over half a century 
except that the end connections have been 
adapted to prestressed concrete. 

Wire is made by rolling steel billets into 
round rods and then drawing the rods 
through conical dies to produce the required 
size and strength. The drawing operation re- 
duces the diameter and increases the length. 
It also changes the internal structure from 
the crystalline make-up of the rod to the 
long fibers parallel to the axis which give 
wire its great strength. As it cmerges from 
the last die, the product is referred to as 
“cold-drawn” wire. 

Wire for use in prestressed concrete is 
made by subjecting cold-drawn wire to a 
stress-relieving process. Stress-relieving is 
not what we usually think of as a heat treat- 
ment; the temperature used is not sufficient 
to change the strength of the wire but it 
does eliminate the internal stresses which are 
present in the wire as a result of the draw- 
ing process. 

The uncoated strand discussed here is 
composed of seven cold-drawn wires fab- 
ricated by laying six wires of one size around 
a slightly larger center wire. In this case the 
finished strand is subjected to the _ stress- 
relieving operation which eliminates at one 
time the internal stresses due to both the 
drawing and the stranding operations. 

UNCOATED WIRE AND 7-WIRE STRAND 

Creep and relaxation. Numerous studies 
have been made on the subject of creep and 
relaxation in wire. Creep is the gradual non- 
elastic increase in the length of wire under 
a constant tension. Relaxation is a gradual 
loss of stress in a wire held at constant 
length. In a prestressed concrete member, 
the wire undergoes a modified form of relax- 
ation; that is, the concrete member shortens 
as a result of its own shrinkage and plastic 
flow so that the wire is not held at a constant 
length but shortens with the concrete. Thus, 
the test values measured for relaxation in 
wire indicate slightly more stress loss than 
this factor actually causes. 

Creep and relaxation properties of cold- 
drawn wire, stress-relieved wire, and me- 
chanically straightened wire have been com- 
pared in as many different ways as possible. 
Mechanically straightened wire does not 
measure up — unless it is stress relieved 
after straightening — in which case it is in 
the same class with stress-relieved wire. Al- 
though these properties of stress-relieved 
wire are slightly better than those of cold- 
drawn wire in the stress ranges in which 
they are used, the difference is so small that 
the two materials can be considered as hav- 
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ing the same creep and relaxation. In con- 
sidering this subject, the designer should not 
lose sight of the fact that a change in the 
density of the concrete due to more or less 
vibration, or a slight error in kee ping to ge 
specified water-cement ratio, can cause 
change in stress loss several times any ‘di fer. T- 
ence that can ke found between the two 
types of wire. 

Preloading. Some designezs feel that pre- 
loading wires holding them at a tension 
above the specified initial tens’on for a few 
minutes before anchoring them at the speci- 
fied tension — is advantageous. 


It is probable that this impression stems 
from European practice which is explained 
by the report in the late Gustav Magnel’s 
book, Prestressed Concrete, in which he dis- 
cusses the wire used in Belgium. This wire, 
of 5-mm (0.196-in.) diameter has an ulti- 
mate strength of 216,000 psi. It is used at 
an initial tension of 123,000 psi, but its 

stress-strain curve begins to bend quite 
sharply away from a straight line at two- 
thirds of this stress. His tests showed a 
stress loss of 12 percent in the wire alone 
when used at an initial tension of 123,000 
psi. When preloaded to 137,000 psi for two 
minutes, and then anchored at 123,000 psi, 
this loss was reduced to 4 percent. Obvi- 
ously it pays to preload such a wire, espe- 
cially when the preload required is only 63.5 
percent of the ultimate strength of the wire. 

The stress-relieved wire of 0.196-in. diam- 
eter used for prestressed concrete in the 
United States has an ultimate strength of 
250,000 psi. Most designers use it at an ini- 
tial tension of 67 percent of its ultimate. At 
this stress, the stress-strain curve of the 
stress-relieved wire is still a straight line. 
Tests on this wire show a maximum stress- 
loss of less than 4 percent from the initial 
67 percent. The Bureau of Public Roads’ 
“Criteria for Paes: Concrete Bridges” 
assumes a 4 percent loss due to creep in the 
steel, and considers that “overstretching” is 
not necessary. 

Tests made at Roebling’s Trenton plant 
show less stress-loss in a wire which has been 
preloaded than in one which has not, but 
these tests cover only a relatively short pe- 
riod of time. DeStrycker has studied creep 
of wire over a period of years (Revue de 
Metallurgie, Oct. 1948, p. 411). In his tests 
he preloaded the wire by 10 percent for 
two minutes. His results indicate less loss 
in the preloaded wire at first, but the differ- 
ence between the two procedures after sev- 
eral years is negligible. The results obtained 
by preloading stress-relieved strands are 
identical with those obtained by preloading 
stress-relieved wire. 

In the final analysis, the increase in final 
tension obtained by preloading the high- 
quality wire used in the United States is so 
small that it cannot be applied to reduce the 
amount of wire in a member. On the other 
hand, the contractor will definitely increase 
his price when this operation is required in 
the specifications. 
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Galvanized strands of 1-9/6 in. diameter en- 
cased in flexible metal hose of 1-13/16 in 
inside diameter, are coiled and loaded in truck 
for shipment. Sockets for end anchorages are 
tapped for permanent stud, which will be ap- 
plied in the field. 


Fatigue. As with any material, the stress 
range through which a wire can stand re- 
peaed loadings decrease: as the stress in- 
creases. Using the initi.i stresses recom- 
mended later on, the minimum final stress 
in both wire and strand will be 58 to 60 
percent of the ultimate. Data already avail- 
able demonstrate that fatigue is not a prob- 
lem on these wires and strands in this stress 
range. If higher stresses are contemplated, a 
thorough investigation of fatigue under such 
stresses should be conducted before they are 
permitted. 

A review of European specifications for 
post-tensioned members compiled in 1952 
shows initial tensions of 50 to 60 percent of 
the ultimate. Taking advantage of the supe- 
rior elastic properties of the stress-relieved 
wire available in the United States, design- 
ers using this wire are specifying an initial 
tension of 67 percent of the ultimate. Ulti- 
mate strength varies with wire size but is in 
the neighborhood of 250,000 psi. 

Although an initial tension of 67 percent 
is desirable, there are several reasons why we 
should not design to initial tensions in excess 
of 70 percent: 

1. Common sense says we should not ap- 
proach the ultimate too closely as there are 
other factors which may create stresses 
higher than anticipated. For instance, many 
cables must be over-tensioned to overcome 
friction between wire and concrete. 

2. As the initial tension increases beyond 
this point, the percentage of stress loss in- 
creases much more rapidly. This means a 
greater differential between the initial and 
final tension conditions. Engineers familiar 
with prestressed concrete design realize that 
the larger this differential becomes the less 
efficient may be the design of the prestressed 
member. 

3. All members must meet both a design 
load and an ultimate-strength specification. 
Excessively high stresses in the prestressing 
steel reduce its quantity and lower the ulti- 
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mate strength of the member. This often 
necessitates extra steel to meet the ultimate 
strength requirc ment. 

4. Fatigue stresses may become a factor. 

Intial iension in strand. A review of Eu- 
ropean specifications for pretensioned mem- 
bers compiled in 1952 shows initial tensions 
of 60 to 70 percent of ultimate. It should be 
noted that all the tensioning elements were 
single wires, which cannot be used in the 
United States for economic reasons—because 
of the high labor cost of handling so many 
small units and the need to use small aggre- 
gate so that the concrete will flow around 
the many tensioning elements. 

An initial tension of 70 percent of the 
ultimate is recommended for 7-wire stress- 
relieved prestressed concrete strands used in 
pretensioned bonded members. Ultimate 
strencth varies with strand size but is in the 
neighborhood of 250,000 psi. In addition to 
the four reasons mentioned above, there are 
several other reasons for using the 70 per- 
cent value: 


1. The stress loss in a pretensioned mem- 
ber is greater than in a post-tensioned mem- 
ber because all the elastic compression and 
some of the shrinkage are eliminated by 
post-tensioning but not by pretensioning. 


The final stresses resulting from initial ten- 
sions of 67 percent for post-tensioned mem- 
bers and 70 percent for pretensioned mem- 
bers are about the same. 

2. Initial tension can be specified as high 
as it is safe to tension the strand since it 
will never be necessary to over-stress the 
strand to overcome friction or for any other 
reason, 

Stress-relieved materials. From the de- 
signer’s point of view, stress-relieved wire 
«wt Suaud have several advantages over the 
cold-drawn materials. Tor instance, they 
have several times as much res.stance to 
stress-corrosion; the stress-relieving process 
removes the wire-drawing lubricant, provid- 
ing a better bonding surface; and the stress- 
relieved materials have a much more uni- 
form modulus of elasticity. When a group 
of such wires or strands is tensioned at one 
time, the stress in each will be the same and 
the elongation can be used to check the 
load. Finally, the cold-drawn materials are 
cranky and hard to handle. This res»lt 
rough handling by the erectors and th. m.- 
terial is sometimes damaged by the t1 it 
is in place. 

All prestressed concrete fabricators in te 
United States insist on stress-relievcd wire 








Long-stroke center-hole ram tensions strand of 1-9/16 in. diameter in post-tensioned pile cap of 
Pier A, Hoboken, N. J. Note New York skyline in background. 
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because of the difficulty of handling cold- 
drawn wire. If cold-drawn wire were speci- 
fied, the fabricators’ cost would increase con- 
siderably (if they felt they could do the job 
at all) because of the extreme difficulty of 
handling this material. 

GALVANIZED STRAND 

Galvanized strands prove most economical 
where the tensioning elements are long, 
where the prestressing force is large, or 
where rust or corrosion is a consideration. 

Wire for these strands is made by passing 
high-strength cold-drawn wire through a 
bath of molten zinc. The result is a_thor- 
oughly stress-relieved wire protected by an 
outer coating of pure zinc, plus a hard zinc- 
steel alloy between the zinc and the wire. 
Although the zinc is a protective coating 
which carries no load, it is standard practice 
in the wire industry to refer to the overall 
diameter of the wire including the zinc and 
to use the gross cross-sectional area includ- 
ing the zinc. On this basis the minimum 
ultimate strength of the wires is 220,000 to 
225,000 psi, although the strength of the 
steel, which is carrying all the load, is appre- 
ciably higher. 

Galvanized strands for prestressed con- 
crete are made by laying one or more layers 
of wire around a center wire. Most of the 
wires are of 0.196-in. diameter, supple- 
mented by a few wires of other sizes to get 
the required overall diameter and strength. 
Standard sizes ran, e from 0.600 to 1-11/16 
in. diameter, with minimum ultimate 
strengths varying from 46,000 Ib. to 352,000 
Ib. per strand. 

Although the individual wires have been 
stress-relieved by their passage through the 
molten zinc, the finished strand as it comes 
from the stranding machine does not neces- 
sarily have a constant modulus of elasticity. 
It is given a constant modulus by a pre- 
stretching operation in which it is held at 
a high stress for a period of time during 
which the individual wires adjust themselves 
to each other. 

End anchors, referred to as fittings, are 
attached at the manufacturer's plant so that 
the ‘strands arrive on the job ready to be 
placed in the structure. Several styles of fit- 
tings are available. One has a permanent 
stud the length of which can be varied to 
suit the details of the particular job. A jack- 
ing unit is attached to the end of the stud 
for the tensioning operation, and a perma- 
nent nut on the stud holds the load after 
jacking is completed. If it is in the way, 
that part of the stud outside the nut can be 
burned off after tensioning has been com- 
pleted. 

Another type of fitting is threaded on the 
outside and has a large nut to hold the load. 
It is also tapped to receive a jacking rod 
which is removed after the tensioning opera- 
tion. The thread on both types is long 
enough to allow for reasonable errors in the 
length of the concrete member. A third type 
of fitting is a steel casting with a wide 
flange on the end which serves as a bearing 
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plate. For most strands this fitting is cheaper 
than one with threads, and it eliminates the 
need for a bearing plate. The concrete is 
cast directly around this fitting and the ten- 
sioning is done from the opposite end, which 
is provided with a threaded fitting for the 


purpose. 
Galvanized strands are used in several 
ways for post-tensioned members — in the 


open space in a concrete hollow-box, on the 
outside of a concrete member, or encased 
in a paper or plastic tube to prevent bond 
and covered by the concrete as it is poured. 
When grouting is required, strands are sup- 
plied encased in flexible metal hose, which 
is filled with grout after the jacking opera- 
tion. 

Creep and relaxation. The percentage of 
stress loss due to relaxation in a galvanized 
strand is approximately the same as that in 
a parallel wire cable. The initial stress is 
lower—140,000 psi compared to 167,500 psi 
—but the modulus of elasticity is also lower 
in almost the same ratio—25 million psi to 
29 million psi—so that the two factors cancel 
each other. 

Fatigue. Galvanized strand assemblies 
with fittings attached have been subjected to 
fatigue loadings as separate assemblies, in 
prestressed concrete test members, and in 
service in forging hammer foundations. 
There has never been any evidence of dam- 
age to the assembly due to such loadings. 
These strands are generally designed for an 
initial tension of 140,000 psi. 

Desirable properties. Galvanized strands 
have several desirable properties which 
should be considered when the tensioning 
elements for a project are being selected: 

1. A minimum amount of field labor is 
required for placing and tensioning. Regular 
job personnel can handle both placing and 
tensioning without special supervision. Long 
lengths are as easy to handle as short lengths 
because they can be supplied on reels. 

2. The corrosion problem is virtually 
eliminated. A galvanized suspender recently 
removed from the Brooklyn Bridge for test 
after sixty years of service was found to be 
in satisfactory working condition. 

3. Galvanized strands can be left exposed 
to the weather where uncoated tendons have 
to be protected. If grouting after tensioning 
is required, and the tendons will first be 
exposed to the weather, a galvanized flex- 
ible metal hose can be used and the entire 
assembly will be rustproof. 

4. Galvanized strands can be tensioned 
more accurately to specification requirements 
than uncoated acl ry The coefficient of 
friction for the galvanized strand is much 
lower and quite uniform, whereas this value 
for uncoated tendons becomes increasingly 
higher as surface rust develops during the 
curing period of the concrete. This is of 
extreme importance in long or continuous 
structures, since high and non-uniform fric- 
tion values result in varying tension through- 
out the length of the tendon. Galvanized 
strands assure much greater uniformity in 
this respect. 
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POST-TENSIONING 

The essence of the design of post-ten- 
sioned prestressed concrete shapes can be 
stated in terms of three basic principles. 
These principles are not involved and can be 
demonstrated readily. They will, however, 
be presented here in a descriptive manner 
so that the reader may gain an over-all pic- 
ture before embarking on a typical design 
problem. 

The first principle is quite simple and 
states that the minimum size of a pre- 
stressed concrete member is determined by 
section modulus requirements in much the 
same manner as for timber or structural 
steel. With prestressed concrete the mini- 
mum section moduli required for the top 
and bottom fibers will usually be different. 
This results from prestress losses and differ- 
ent allowable stresses. Let us assume for 
the sake of argument that the bottom fiber 
ordinarily requires a somewhat larger sec- 
tion modulus than the top. Now consider 
the series of shapes shown in fig. 1. They 
represent members of constant depth each 
of which furnishes a slightly larger section 
modulus at the bottom fiber than at the top. 
From left to right they supply progressively 
smaller amounts of minimum section moduli. 
If we were to assume that they were all, say, 
30 inches deep and spanned 50 feet, shape 1 
might carry a superimposed load of a cer- 
tain value, shape 2 a somewhat smaller 
amount and so on. Shape 5 represents the 
theoretical limiting condition at which the 
web alone is sufficient at the top fiber. 

If we were to repeat this operation for a 
span length of 150 ft. and a depth of, say, 
80 inches, a similar progression shown in 
fiz. 2 might result. This time, however, 
i the centroid of the prestressing tendons 
would probably fall bevond the confines of 
‘the section. The explanation for this is 
found in our second principle, which states 


Y Marcu 1957 35 


— 


eaeeestaeae 
eens 


























cally! 











oe aa % 


Ficure 1 — Short span members — eccentricity acceptable 


that the eccentricity for the shape supply- 
ing the minimum section moduli is composed 
of two items, one approximates the kern 
distance and the other is a function of the 
span length. For shapes 1 through 5 the 
eccentricity is not excessive because the span 
length is not great. The prestressing force 
gradually moves toward the centroid pro- 
ceeding from shapes 1 to 5 because the 
kern component of the eccentricity decreases, 
approaching its minimum value of % h at 
shape 5. The span length component is con- 
stant for each > cd With shapes 6 through 
10 this process repeats itself, but the span 
length component is so great that the eccen- 
tricity cannot be realized within the confines 
of any of the sections. Shapes 2, 4, 7 and 9, 
repeated in fig. 3, illustrate these points 
further. 

The problem of the large eccentricity can 
be solved by our third and last principle 
which states that if a shape furnishes ex- 
cessive section modulus at either fiber, a 
range of values for the prestressing force 
and its eccentricity is created. By inference, 
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of course, only one possible combination 
can be used when the exact section moduli 
are supplied. 

Thus we are equipped, in a general way 
for the moment, to oma the highlights of 
post-tensioned prestressed concrete shapes. 

Consider shape 2. This shape furnishes 
the exact value of the minimum section mod- 
uli at both fibers. It fully utilizes all its al- 
lowable stresses and therefore employs the 
smallest possible concrete area for its depth 
and for the particular flange and web thick- 
nesses assumed. Obviously, many other con- 
figurations of the same depth can be used 
so long as they supply at least the minimum 
section moduli at both fibers. Practical con- 
siderations might dictate a symmetrical sec- 
tion or a member with its wider flange 
uppermost, shapes 2A and 2B in fig. 4. Both 
these shapes would of necessity furnish ex- 
cess section modulus at the top fiber, al- 
though the bottom could be kept to the min- 
imum. It is also possible that a section hav- 
ing a wide bottom flange might be required, 
shape 2C. In this instance, the modulus for 
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Ficure 2 — Long span members — eccentricity too great 
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Ficure 3 — Eccentricity components for shapes supplying the minimum section moduli 


the bottom fiber would be excessive while 
that for the top could be reduced to the 
minimum. 

Shapes 2A, 2B, and 2C, because they sup- 
ply excessive section moduli, allow a range 
of acceptable values for the prestressing 
force and its eccentricity. The extent of 
this range for the eccentricity has been in- 
dicated by Ae in fig. 4; its actual mathe- 
matical extent can be defined by a design 
equation. The designer will select the most 
economical value of e that can be obtained 
within this range. That value farthest from 
the neutral axis will result in the smallest 
peeins force. The latter, of course, can 

positioned no closer to the bottom fiber 
than fire protective requirements, minimum 
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spacing requirements, and the physical 
make-up of the prestressing system. Some- 
times Ae will be such that the prestress- 
ing force can be located at the minimum 
allowable distance from the bottom fiber as 
arbitrarily indicated for shapes 2B and 2C. 
On the other hand, the extreme limit of 
Ae may control as shown for shape 2A. 

While shape 2 employs the smallest con- 
crete area, > dbl 2A and 2B may allow a 
reduction of the prestressing force. The 
amount of this reduction will not usually ef- 
fect too great a change in the actual steel 
areas used, however. This point is illustrated 
by Examples 7 and 8 in Section 3. Under 
certain conditions, even a shape like 2C, 
with excess section modulus at the bottom 
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Ficune 4 — Range of eccentricities for shapes supplying more than the minimum section moduli 
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FicurE 5 — T-Beam from a large depth 


fiber, may show a slight reduction in the 
prestressing force. 

Also of interest is the possibility of using 
a T-Beam in place of shape 2. If we were 
to increase the depth of this section, still 
holding to the minimum section moduli, the 
flange widths would gradually diminish, re- 
sulting in, say, shape 2D, fig. 5. This shape 
can be couliienty converted to a T-Beam 
by adding increments of section modulus to 
the top fiber while holding the bottom to 
the minimum, eventually yielding shape 2F. 
It would have been impossible to achieve 
this end with shape 2 because reduction of 
the relatively wide bottom flange would have 
resulted in a top Mange of greatly prohibi- 
tive width. 

Consider now shape 4 in fig. 1. This 
member carries a much lighter load than 
shape 2. The latter might represent beams 
spaced at 20 ft. intervals, and the former 
joists at a 6 ft. spacing. All of the previous 
discussion for shape 2 applies for this case. 
A symmetrical section might be employed 
as well as a member with its wider flange 
uppermost or vice versa. As regards a 
T-Beam, the shape as it stands can be readily 
converted to one as is apparent from the dis- 
cussion of shapes 2D and 2F. Obviously, the 
conditions favorable for T-Beams are small 
bottom flanges. The latter evidently result 
from large depths or light superimposed 
loads. These points are illustrated by Ex- 
amples 11 and 12 in Section 3, 

Let us now consider shape 7. This sec- 
tion has a configuration similar to shape 2 
although it is much deeper. Because of its 
long span, we find, in accordance with our 
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second principle, that the prestressing force 
falls outside the limits of the section. As- 
suming that our final solution will have the 
same depth as shape 7, we have two possible 
alternatives. We may increase the section 
modulus at the top flange, keeping the bot- 
tom to the minimum until Ae is great 
enough to allow an acceptable solution; or 
we may do the opposite and provide excess 
section modulus at the bottom. These alter- 
natives are illustrated by shapes 7A and 7B 
in fig. 6. Note that shape 7B does not al- 
low a solution. In general, for the conditions 
normally encountered in practice, the provi- 
sion of excess section modulus at the bottom 
fiber will aggravate rather than relieve the 
initial condition of an impractical eccen- 
tricity. 

If still more section modulus is provided 
at the top fiber for shape 7A, the prestress- 
ing force may reduce slightly. The amount 
for this reduction will usually be unimpor- 
tant. 

Let us now turn to shape 9 in fig. 2. This 
member is similar to shape 4 except for the 
location of the prestressing force. The most 
favorable solution will be found by gradu- 
ally adding increments of section modulus 
to the top fiber until Ae allows an ac- 
ceptable solution. The bottom fiber can, of 
course, be kept to the minimum. If the 
amount of excess Zt required is great 
enough, this can again result in a T-Beam 
as arbitrarily indicated in fig. 7. 

It might be argued at this point that in 
addition to large depths and light super- 


‘imposed loads, T-Beams also result from long 


spans. This statement is valid but only for 
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Ficure 6 — Acceptable solution for long span member 
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Ficure 7 — T-Beam from a long span 


special conditions. The width of the bottom 
flange must be small enough initially (which 
implies a large depth or a light superim- 
posed load) and the span length great 
enough so that the amount of excess Zt 
required will be of the proper magnitude to 
cause bb to diminish to b’ before a prac- 
ticable eccentricity becomes available. 
PRETENSIONING 

With pretensioning a series of shapes cor- 
responding to those shown in figs. 1 and 2 
for post-tensioning also exists. In each case, 
however, the required minimum section 
moduli are larger. As will be explained, this 
results from the fact that the minimum sec- 
tion moduli are determined by the live 
load plus the entire dead load — while for 
post-tensioning the live load plus only a 
fraction of the dead load governs. 

The eccentricity for the shape supplying 
the minimum section moduli has only one 
component as opposed to two for post-ten- 
sioning. With pretensioning the span length 
component does not exist and the kern com- 
ponent alone controls. Because of this the 
minimum eccentricity can always be real- 
ized even with long spans. The concrete 
and steel quantities required, however, will 
be greater than for a comparable design in 
post-tensioning. These points are illustrated 
in fig. 8. On the short span the dead load is 
relatively small compared to the superim- 
posed load, and the difference between the 
two sections is not great. On the long span 
the dead load represents a much greater 
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proportion of the superimposed load and re- 
sults in a pronounced increase in size for the 
pretensioned member. Of course the top 
flange of the post-tensioned member will 
have to be increased to yield a workable 
solution, but the final shape will still em- 
ploy less steel and concrete areas than the 
pretensioned section. 

As with post-tensioning, the provision of 
excess section modulus at either fiber will 
allow a range of values for the prestre ssing 
force and its eccentricity. The maximum ex- 
tent of this range will be at or near the kern 
regardless of the amount of excess section 
modulus supplied. 

All of the above statements apply only 
when the wires or strands are carried straight 
through the member, and when the member 
itself is straight and of constant cross section. 
This automatically positions the prestressing 
force at or near the kern because of condi- 
tions at the end of the span. If the cross 
section is varied, or the wires displaced, or 
both halves of the member sloped, then it 
may be possible to position the wires as de- 
sired in the middle of the span and still be 
near the kern at the support. In such cases 
the basic design characteristics at the critical 
section will be the same as those discussed 
for post-tensioning. This will also be true for 
straight members with straight wires if the 
prestressing force is positioned beyond the 
kern, close to the bottom fiber. Of course, 


adequate provision must then be made at 


the ends of the member to counteract the 
tensile stresses induced in the top fange. 
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Of 
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When the Chairman of your Technical 
Program Committee, Mr. Leonard Hollister, 
asked me to make a presentation on pre- 
stressed concrete at this convention I was 
naturally very pleased and highly honored. 
A talk on prestressed concrete for 30-45 min- 
utes would not be difficult. 

However, when he subsequently asked 
that I point this presentation along the 
theme of this convention, “The Next Twenty- 
five Years in Structural Engineering,” by 
taking a look at the next twenty-five years of 
prestressed concrete, I began to realize the 
magnitude of the task before me. 

The progress made by prestressed concrete 
has been quite rapid. Its increasing use 
during the last three years, which is the 
oiaied of its greatest growth, has been 
phenomenal. It will indeed be a most satis- 
fying experience if the next twenty-five years 
in prestressed concrete are as progressive, 
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interesting and stimulating as the last three 
years have been. It is truly an exciting ma- 
terial with unlimited possibilities for the 
future. 

Whatever I say about the next twenty- 
five years of prestressed concrete I feel that 
the facts of 1981 will perhaps prove me to 
be a short-sighted ira soy However, I will 
attempt to comply with Mr. Hollister’s re- 
quest by looking as far forward as present 
knowlec les permits. 


In order to better understand the part 
which prestressed concrete will play in our 
future work, let me review some of the 
reasons and forces which will be the cause 
of its continued growth. 


THE FOUNDATIONS FOR ANTICIPATED GROWTH 
OF PRESTRESSED CONCRETE 


Actually, the development and application 
of linear prestressed concrete in the United 
States dates only from 1950. From one plant 
and one bridge in 1950, we now have 
throughout the United States close to 150 
prestressed concrete plants. Prestressed con- 
crete foundations and structures are beyond 
count. Most of this growth and application, 
as I mentioned, has taken place in the last 
three years. 

The greatest period of growth of any in- 
dustry will, of course, normally take place 
during the early stages of its development. 
Measured in terms of years, as compared to 
structural steel, reinforced concrete and tim- 
ber, prestressed concrete is still in the early 
development stage. If we project this tre- 
mendous early growth over the next twenty- 
five years it becomes evident that prestressed 
concrete is destined to become a major struc- 
tural material in building toward the fabu- 
lous future which business economists, labor 
leaders and politicians have predicted for us. 

As engineers, we accept and use materials 
for one or both of two reasons — the material 
is either a better product structurally for a 
particular job, or it is more economical. In 
our economic system any manufacturing in- 
dustry must stand or fall on meeting either 
or both of the above criteria. Based upon 
proven experience throughout the country 
prestressed concrete will, when properly 
used, meet these criteria. Exactly how and 
to what extent I will cover later on. 

However. there are certain forces, eco- 
nomic and sociological, which we must con- 
sider if we are to gain the proper perspec- 
tive of the future of the prestressed concrete 
industry and the part it will play in the con- 
struction industry. 

The key to the goals of 1980 which have 
been established for us by planners and vis- 
ionaries is the increased productivity of the 
individual worker. If we are to have more 
goods, both as individuals and as a nation, 
then we must be able to produce more as 
individuals. However, in your thinking and 
planning for the future do not overlook the 
fact that, while we must have increased pro- 
ductivity, labor and business is thinking and 
planning for the 35-hour, then the 30-hour 
week. 











Therefore, the challenge which we, as en- 
gineers, must meet in the future is this: We 
must not only turn out more work than we 
are doing today, in 12% to 25% less time, 
but we must design projects which can be 
constructed with a corresponding savings in 
time. Such demands on our abilities must 
be satisfied if we are to keep pace with the 
great changes taking place in our country to- 
day. The course betore us is dictated by 
necessity, not by choice. 

We therefore add a new criteria for pre- 
stressed concrete — and for any material — 
to those of structural and economic require- 
ments — that of time. Although the factor 
of time is interwoven with economics it 
should be considered separately in many in- 
stances. So, we must learn to do more and 
build more with better materials — and in 
less time — than we have today. There have 
been many notable developments in_build- 
ing technology in recent years which have 
contributed toward that end. Curtain walls, 
precast thin shells, lift-slabs for roof and 
tloor, slipforms, precast panels and many 
other innovations indicate the trend to struc- 
tures with a maximum of standard time sav- 
ing products and techniques. It is true, as 
has been recently said, that in prefabrication 
we have the beginnings of the industrializa- 
tion of the construction industry. 

In prestressed concrete we have an exten- 
sion to this trend of prefabrication. Whether 
the project be a bridge, building, marine 
project or piling, the prefabrication advan- 
tages offered by precast prestressed concrete 
are these: A standard product of great struc- 
tural strength, of known and tested quality, 
manufactured to exact tolerances under close 
supervision for quick and efficient erection. 
While these advantages will always exist the 
economy of prestressed concrete will be de- 
termined only upon an analysis of the prob- 
lem and the requirements for the particular 
project in question. 

The prestressed concrete industry through- 
out the country is attempting to give you 
standard sections for your projects. We want 
you to be able to go to a catalogue of pre- 
stressed concrete products, pick out a section 
or sections for your project in the same man- 
ner as you do steel members, check it out 
and include it in your design by number, 
the same as you do steel. 

As many of you know, we recently issued 
catalogues on prestressed concrete piles and 
building members. It is gratifying to report 
that our standard pile designs have been 
specified on numerous projects from the 
deep South to the West Coast, Alaska and 
the Philippines. Three recent local buildings 
have been designed using the standard sec- 
tions out of our catalogue. Except in special 
cases there is no reason why you should have 
to design prestressed concrete members. As 
a manufactured product it is up to the pre- 
stressed concrete industry to provide you 
with standard designs and data for your con- 
sideration and use. Such standardization will 
lead to greater economy in your design costs 
and, from the manufacturing point of view, 
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production costs. 

Remember too, that precast prestressed 
concrete products will effect a savings in 
construction time. Instead of construction 
progressing chronologically, the use of pre- 
cast prestressed concrete, as well as other 
prefabricated units, will permit several oper- 
ations to be conducted simultaneously with a 
subsequent tying together of such units at 
the site. 

In pretabrication of structural elements at 
centralized plants it is possible to increase 
the productivity of the individual to a con- 
siderable degree. This can be accomplished 
by factory line production methods with a 
maximum utilization of labor and time sav- 
ing devices. For work which must be done 
at the site the answer has become mechan- 
ization. The pattern of the future is there- 
fore established — prefabrication and / or 
mechanization wherever possible. It is only 
by an application of one or both principles 
to our jobs that we can meet the challenge 
of turning out more work in less time. 

Because of this necessary trend to pre- 
fabrication in the engineering and construc- 
tion industry and the ever constant search 
for better materials, I believe that the use 
application of prestressed concrete durin 
the next twenty-five years is almost Peses, 
prediction. I have no doubt that the pre- 
stressed concrete industry, composed of 
many centrally located plants, will become 
one of the giant industries serving the engi- 
neering and contracting professions. And, I 
predict that this will happen before the 50th 
anniversary of this Association. 

TYPES OF PRESTRESSED CONCRETE 

As you know, there are two types of linear 
prestressed concrete; in pretensioned pre- 
stressed concrete the strands are tensioned 
prior to pouring of the concrete with the pre- 
stress transferred to the concrete by bond. 
Post-tensioned prestressed concrete may be 
either the bende or unbonded type, nor- 
mally the former, and it is stressed after the 
concrete has been poured and cured. 

Generally speaking the pretensioned con- 
crete will be more economical than the post- 
tensioned type, as is proven by the unmistak- 
able trend to this type of fabrication. Though 
capital investment for a pretensioned con- 
crete operation is much higher than for a 
post-tensioned concrete operation, the cost 
per unit produced is usually lower. Preten- 
sioned prestressed concrete is not a “shoe- 
string” operation as many have found out 
the hard way. 

A pretensioned member will generally be 
of more uniform quality. The reason for this 
is the same as applies to any industry — fac- 
tory line production of a standard product 
at a centrally operated plant with close su- 
pervision of quality of materials and work- 
manship. However, precast post-tensioned 
members, produced at a central plant, have 
been economically competitive in many in- 
stances. 

Today, pretensioned concrete products are 
always precast in a centrally operated plant 
while post-tensioned products may be either 
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Aerial photo of Ben C. Gerwick, Inc., Petaluma 
plant. Barge load of 20” square pretensioned 
piles in foreground shipped 350 miles up Pacific 
Coast for bridge project. Bed on left of track is 
500’ long; one on right is 340’ long. Another 
400’ long bed has just been added. 


precast or cast-in-place and then post-ten- 
sioned. Pretensioning of cast-in-place con- 
crete, in the future, is quite ned ve on cer- 
tain types of projects. Before I analyze the 
present uses and possible future applications 
of prestressed concrete let me discuss briefly 
the two basic materials of prestressed con- 
crete — concrete and steel. 

MATERIALS FOR PRESTRESSED CONCRETE 

The basis of prestressed concrete is the 
proper use of the best qualities of each ma- 
terial — compressive strength of concrete and 
tensile strength of steel. While basically the 
contents are the same for reinforced con- 
crete, prestressed concrete is an entirely dif- 
ferent material in properties and character- 
istics and should always be considered as 
such and not as a refinement of reinforced 
concrete. 

Today we use 7 or 8 sack mix concrete, 
either a Type II, or a cement which meets 
Type II specifications, in our pretensioned 
concrete work. Combined with good aggre- 
gate and steam curing we obtain concrete 
strengths of 4000 to 5000 psi in 24 to 36 
hours depending on size of members, 6500 
to 7000 psi in 28 days. This is normal for 
pretensioned concrete. 

The steel we use is a 7-wire high strength 
uncoated stress relieved strand made specifi- 
cally for pretensioned concrete work. The 
ultimate strength of this 7-wire strand is 
guaranteed 250,000 psi. The strands are 
tensioned to 175,000 psi, or 70% of ulti- 
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mate, with a design load of 140,000 to 150,- 
000 psi. By combining these great strengths 
of concrete and steel under centrally con- 
trolled conditions, the result is a product 
of high structural strength. It is quite likely 
that during the next 25 years cement will be 
improved so that even greater strengths can 
be obtained. Too, it is possible that strand 
strength will be increased with the same re- 
sulting effect — greater strength per strand 
and per member or the same strength with 
less strands. 

At present the industry primarily uses a 
3g” dia. strand, but 7/16” is being increas- 
ingly used in various parts of the country. 
In California 38” has been used mostly, 
though I feel that a change to 7/16” is war- 
ranted in the near future. %” strand is 
under test and is being used on some 
projects. 

To properly evaluate the present and fu- 
ture uses of prestressed concrete it would be 
advisable, I feel, to speak on their specific 
application in bridges, buildings, marine 
projects and piling. 

BRIDGES 


It is probable that in dollar volume more 
prestressed concrete has been used in 
bridges than in any other type of structure. 

From the first bridge in the United States 
in 1950 through 1952, prestressed concrete 
was often chosen either because of shortage 
of steel or because of a desire to try this new 
material. Since then it has generally been 
chosen because of its merits structurally and 
economically. From 30-ft. to 300-ft. spans, 
prestressed concrete has competed, and often 
won, against steel designs in all parts of 
the world. The most notable example is the 
well publicized Lake Pontchartrain Bridge in 
New Orleans, 24 miles long, which was bid 
about 20% below a steel design and com- 
pleted four months ahead of schedule. 

In California the following table is indica- 
tive of the growth of the use of prestressed 
concrete for bridges. It is quite definite that 
the number and tonnage of bridges in 1957 
will be greater than is shown when the new 
Federal Highway program projects have 
been included. 


Number of Total C.Y. Total Weight 


Year Bridges Concrete Tons 
1954 3 6,625 13,248 
1955 8 3,489 6,978 
1956 43 10,764 21,528 
1957 18 14,845 29,690 


A very important development in the use 
of prestressed concrete by the State of Cali- 
fornia is the publication of standard designs 
for precast prestressed flat slabs from 20-ft. 
to 50-ft. and channel sections from 30-ft. to 
60-ft. The use of such standard designs will 
not only shorten the design time of such 
structures, but will enable manufacturers to 
amortize their form costs over a number of 
jobs rather than for each job, thereby lead- 
ing to lower costs per unit. In addition to 
their use by the Division of Highways, these 
standard designs have been issued to all 
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county Road Commissioners in California, 
and will be of great help to them in their 
county bridge programs. 

It is hoped that the Division of Highways 
will standardize sections for spans from 60- 
ft. to 120-ft. in the near future. Sections for 
such spans will probably include I, T and 
hollow box girders for the different situations 
which may be encountered. 

For shorter spans our studies indicate eco- 
nomic advantages in flat solid slabs. With- 
out hollow cores to place or channels to 
form, labor costs per unit are low. The use 
of fiat solid slabs is controlled to a great ex- 
tent by span length and distauce of ship- 
ment. Their use will generally vary in- 
versely with the length of span and ship- 
ment. 

In a recent State Highway bridge project 
in which these flat slabs were used, there 
were 36 — 23’ x 5’ 10” x 10” units. All of 
them, totalling close to 5000 sq. ft., were set 
in one day. Trucks were using the bridge 
the next day, immediately after the units 
were transversely post-tensioned. 

For long span girders and under certain 
loading conditions it is necessary to have the 
c. g. ot the steel in a parabolic path, rather 
than straight. Up until recently it has been 
necessary to use the post-tensioning method 
of prestressing to obtain this curve. This, of 
course, added to the cost of the member as 
each one had to be tensioned individually. 

The industry has recently overcome this 
advantage of the post-tensioned method by 
manufacturing bridge units with deflected or 
“harped” pretensioned strands with the c. g. 
for the steel following a parabolic path. This 
is an extremely important technical develop- 
ment toward the more economical manu- 
facture of units which require a parabolic 
curve. This method of manufacture will per- 
mit better control of the tensioned elements 
with no friction loss or grouting problems 
common to post-tensioned design. 

Besides the numerous prestressed concrete 
projects to be undertaken in the future by 
the California Division of Highways are two 
projects of considerable magnitude. The 
Southern Crossing of San Francisco Bay is 
specifically designed in pretensioned con- 
crete. As large as this project will be, it will 
be dwarfed by the scope of the projected 
Rapid Transit System for the Bay Area. 
Tentative plans call for competing designs 
in steel and pretensioned prestressed con- 
crete. 

In prestressed concrete bridge construction 
the trend for the future seems to be to 
longer spans. We have actively studied 150- 
ft. spans for a railroad project and 300-ft. 
precast prestressed girders for an overwater 
highway bridge project. I have recently read 
of a study all in France for a 1000-ft. 
cast-in-place prestressed suspension § span. 
This indicates practically no limit for cast- 
in-place structures. 

A precast, though not wholly prestressed 
project which we recently completed for the 
Sacramento Northern-Western Pacific Rail- 
road at Yuba City-Marysville, aptly demon- 
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strates the time saving advantages of pre- 
fabrication. Here we designed and con- 
structed a 1500-ft. bridge and an 80-ft. over- 
crossing on 40-ft. spans in about four months 
time. Units used were precast and pre- 
stressed concrete piles and precast concrete 
girders. 

Most of my comments have been on high- 
way bridges where the greatest application 
of prestressed concrete to date has taken 
place. This development will continue at a 
greatly accelerated rate under the impact of 
the recently approved Federal Highway bill. 
I have no doubt that prestressed concrete 
girders will eventually replace structural 
steel as the major structural material for 
spans up to around 100-ft. The reasons why 
this will happen are quite clear — prestressed 
concrete is available, it is economical and it 
is structurally equal to steel with less mainte- 
nance problems. 

However, highway bridges are but one 
phase of the bridge field. Of great impor- 
tance also are railroad bridges and trestles. 
Committees of the Association of American 
Railroads have done considerable research on 
the matter of prestressed concrete railroad 
bridges, as well as prestressed piles, build- 
ing members, etc., and have approved the 
use of prestressed concrete in principle, with 
economics to be the general deciding factor 
in its use. All indications point to a shift 
from steel to precast and prestressed con- 
crete as the basic material for railroad 
bridges with prestressed concrete also com- 
peting with timber trestles in many instances. 

We feel that the pattern for the future of 
prestressed concrete bridge construction — 
highway and railroad — has been established. 
Growth will be due to availability and eco- 
nomic and structural competitiveness with a 
trend to standard sections and longer and 
heavier spans. 

I believe this is the proper place to recog- 
nize the leader in the practical application 
of prestressed concrete in the State of Cali- 
fornia, the Bridge Department of the Divi- 
sion of Highways under Mr. F. W. Fanhorst, 
and his two Assistants, Mr. A. L. Elliott and 
Mr. I. O. Jahlstrom. They have contributed 
immeasurably to the development and use of 
precast prestressed concrete piles and bridge 
girders in the West through their early and 
continuing interest in the subject. 


BUILDINGS 


To date the most efficient and common 
use of prestressed concrete in buildings has 
been in low level structures such as ware- 
houses, commercial and industrial buildings, 
schools, etc. 

Products which have been used include 
beams, girders, purlins, columns, roof and 
floor channel, and double-T sections. The 
majority of such items used have been of the 
pretensioned variety due to their greater 
economy than post-tensioned products. 

Many all prestressed concrete structures 
have been built in Florida, which is perhaps 
the leading State in the Union in the use of 
prestressed concrete for buildings. Here on 
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the West Coast the use of such products for 
buildings has been greatest in San Diego, 
Los Angeles, and in the Tacoma-Seattle 
area. In Northern California, prestressed 
concrete to date has been limited to a few 
roof structures and girders. 

This lag in the use of prestressed concrete 
for buildings in this area is quite unusual 
since one of the areas in the U.S. in which 
there are two active competing prestressing 
plants is in Northern California. Elsewhere 
on the West Coast and in most other loca- 
tions only one plant exists. However, I’m 
quite sure that such a situation will change 
soon. Many Northern California engineers 
have indicated their intentions of designing 
prestressed concrete structures in the imme- 
diate future, and some have them on the 
drawing boards now. 

In speaking of prestressed concrete build- 
ing structures I might point out that the pre- 
ceding comments pertaining to a lack of use 
of prestressed concrete in Northern Cali- 
fornia does not apply to the field of pre- 
stressed lift slabs. 

The California Division of Architecture, 
under Mr. Anson Boyd and his Supervising 
Engineers, Mr. C. M. Herd, Mr. C. Peterson 
and Mr. Alan Brownfield, has been a leader 
in this application and has several lift slab 
structures completed, utilizing prestressing 
forces in two directions. This is the most 
accepted method of prestressed lift slab con- 
struction and in some cases may prove to be 
desirable for other types of prestressed units. 
The Division is quite aware of the potentiali- 
ties of prestressed concrete and, we are told, 
will have no hesitancy about using precast 
prestressed products whenever their use ap- 
pears feasible. I believe they have two or 
three such projects under design now. 

While there will be unusual and novel ap- 
plications of prestressed concrete in build- 
ings during the coming years, the main use 
for the future appears to be the same as for 
the present — low level structures with a 
maximum of duplication of members. 

There are two possibilities in the use of 
precast prestressed building members. One 
is the all concrete structure utilizing precast 
or prestressed colmuns, sensannal Roun 
and prestressed channel or double-T roof 
sections. We believe channels will be used 
more and more in the future instead of dou- 
ble-T’s because of better camber control and 
edge load transfer. Here the ideal and most 
competitive range is in bays from 30’ to 60’. 
In this range the all precast prestressed units 
fabricated at a plant and fastened together 
at the site will offer certain advantages. 

In addition to the all concrete structure 
is the possible use of pretensioned beams 
and precast columns as the framework for a 
structure. This then permits the use of vari- 
ous other types of cover, such as sheathing, 
decking, etc., spanning between beams. Such 
a design would be in competition with the 
ica steel framework which is used so 
commonly. Fire resistance with prestressed 
concrete girders and wood sheathing would 
be better than with steel and wood sheathing. 
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We believe this latter application will be 
a definite trend in the future, largely be- 
cause of the number of such structures as 
opposed to the limited number of all con- 
crete buildings which are erected. Based on 
present experiences in various parts of the 
country, it appears that the prestressed con- 
crete industry will be able to compete, eco- 
nomically and structurally, with such steel 
frame designs in many instances. 

As I mentioned earlier, there will be un- 
usual and novel applications of prestressed 
concrete in the building field in the future. 
For example, there is currently in the plan- 
ning stage a 16 story building for Northern 
California which utilizes precast prestressed 
elements spanning 60 ft. Prestressed arches 
are definitely feasible. With proper design 
and technique, units can be prestressed on 
curves and angles as well as in straight lines. 
This applies both to pretensioned and _post- 
tensioned members. 

While the unusual and novel have, in 
many fields of endeavor, become the com- 
monplace, our crystal ball for the future 
shows the volume use of prestressed concrete 
building members to be, as indicated, in low 
level structures which permit plant manu- 
facture of standard units of high quality, in 
volume, for quick and efficient erection at 
the site. 

MARINE PROJECTS 

Wherever forming over water can be elim- 
inated by the use of precast concrete ele- 
ments, a considerable savings in time and 
money can be achieved. While the use of 
prestressed concrete elements for marine 
projects is merely an extension of an old 
idea to a new material, there are many ad- 
vantages in the use of prestressed concrete 
over regular precast units. 

To begin with prestressed concrete is a 
crack free material which, of course, is ex- 
tremely important in any structure over 
water. Prestressed concrete will permit 
wider bent spacings without the large in- 
crease in weight and size normal to longer 
spans in regular precast concrete. Pre- 
stressed units will be easier to handle be- 
cause of their greater inherent strength and 
will provide a stronger structure. 

We are now working on a small marine 
project which is completely prestressed — 
piles, caps, stringers and flat slab deck units. 
The only cast-in-place concrete will be for 
connections. Such structures will become 
increasingly common in the future with a 
trend to the largest units which can be eco- 
nomically handled by available equipment. 

Today individual units for marine proj- 
ects, such as caps, stringers, and deck units, 
are prefabricated at a plant and assembled 
at the site. In the near future such units 
will be assembled at a plant in large sections 
comprising perhaps 2, 3, or 4 bents, barged 
to the site, set on previously driven piles and 
necessary connections made. Here the pos- 
sibility exists of setting large flat slabs di- 


‘rectly onto piles thereby eliminating caps 


and stringers. This would be very similar to 
the lift slab technique for buildings. Wher- 
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ever water can be used as a means of trans- 
porting precast and prestressed units, the 
only limitation on size and shape will be the 
equipment available for transporting and 
handling the units. 

Under marine projects we must also con- 
sider as a possible future field for pre- 
stressed concrete, off-shore drilling and oil 
storage platforms. Prestressed concrete has 
been successfully used on several such struc- 
tures on the Gulf Coast. Its use on similar 
projects off California coasts is now under 
consideration. 

Prestressed concrete development for ma- 
rine projects, such as piers, wharves, plat- 
forms, etc., will, in all probability, parallel 
that of bridge members — larger units in 
standard sections. Standard designs for caps, 
connections and flat slab deck units are now 
under design study by our Engineering De- 
partment and will be published in the future. 

PILES 

The structural strength which is given to 
a member by prestressing is nowhere more 
apparent than in pretensioned concrete piles. 

Based upon our experience and official 
tests, pretensioned concrete piles have been 
proven to be an entirely new type of pile 
— just as prestressed concrete is a new 
material. 
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While it has the outward appearance of 
a precast concrete pile, the handling, driv- 
ing and strength characteristics of this pile 
are closer to those of a steel H-pile. With- 
out question, it is the finest concrete pile 
available today and equal to steel H-piles 
under many conditions. 

At Eureka, California, on a project for 
the State Division of Highways, we drove 
and pulled a 20” square pretensioned con- 
crete test pile five times with no apparent 
damage, driving to 100 tons indicated bear- 
ing each time. 

At San Francisco, on a project for the 
State Harbor Board, we drove 140 20” 
octagonal pretensioned piles, 132 ft. long, 
through 30 ft. of riprap with no apparent 
damage. 

At Long Beach on a test project for the 
Port of Long Beach and the U.S. Naval 
Research and Evaluation Laboratory, a 14” 
octagonal pretensioned pile was driven in 
30 ft. of water intermittently to a final pene- 
tration of 398 blows to the inch with no 
damage whatsoever reported by the diver. 
An identical 14” pile was driven continu- 
ously to 92 blows to the inch with no dam- 
age reported by the diver. In the same test 
18” square standard precast piles were 
driven to a maximum of 140 blows to the 
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FIG. 48A. Lifting 132’ long 20” octagonal pretensioned pile off barge, for Pier 15-17 project, San 
Francisco (April, 1956). Over 2,000 pretensioned piles used in this project, both 14” octagonal and 


20” octagonal. 
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inch but with major structural damage. 

At Richmond, California, 16” octagonal 
pretensioned concrete piles are being used in 
lieu of 12” BP 53# steel H-piles (with a 
24” concrete shell) to drive through a dense 
layer of sand gravel. Results are excellent — 
the savings in money was considerable. 

These tactual cases are rather conclusive. 
The question is, therefore, how can these 
facts be translated into usable data. These 
are the conclusions which we have reached, 
based upon use, study and analysis. 

1. Pretensioned concrete piles have been, 
and can be, used in lieu of steel H-piles 
in many instances. Our study indicates a 
14” octagonal to be equivalent to a 12” BP 
534, a 16” octagonal equivalent to a 14” 
BP 734, and 20” octagonal equals a 14” 
BP 102#. For penetration into rock, a steel 
H stub has been placed in the tip of the 
pile in some projects, thereby gaining the 
structural advantages of both piles. 

2. Where concrete piles are required in 
marine construction, there is no adequate 
substitute for a pretensioned pile. The crack- 
free, high wed ast strength and durability 
against erosion and corrosion of these piles 
cannot be equaled in any other type of pile. 

3. Because of the great strength of pre- 
tensioned concrete piles, it is possible to re- 
duce the section substantially as compared 
to regular precast piles and still have a pile 
which is structurally superior to a regular 
precast pile. This was conclusively shown at 
the Long Beach pile tests where a 14” octa- 
gonal pretensioned pile proved to be far 
superior to an 18” square precast pile. Of 
particular importance is that a 14” preten- 
sioned pile will compare favorably in initial 
cost with an 18” precast pile and will be 
easier to handle and drive. 

4. Pretensioned concrete piles can be effi- 
ciently and economically used for building 
foundations, as well as marine projects. For 
example, if soil conditions permit, a 12” 
octagonal pretensioned pile can be used as 
a 54-ton pile, with safety factor of about 
4to 1. This pile is greater in volume, perim- 
eter, point bearing area, concrete strength 
and reinforcing than various types of cast-in- 
oe concrete piles with a comparable rated 
yearing value. Its quality is a tt factor 
before it ever leaves the plant. Wherever 
they can be efficiently used on land projects 
the cost per ton carried will be quite low. 

As with any pile, however, there are cer- 
tain places where pretensioned piles are not 
feasible for use. For very short piles and 
where cut-offs are highly irregular, these 
piles are not as economical as other types of 
piles. 

Future trends in the prestressed concrete 
pile field indicate that larger piles and 
greater bearing capacities for smaller, as well 
as larger piles, will be increasingly used 
wherever possible. As you may know, 54” 
diameter prestressed piles were used on the 
Lake Pontchartrain Bridge with successful 
results. Other projects are under considera- 
tion for 36” and possibly larger piles. Wider 
bent, or footing spacings and greater batters 
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will be used as a result of the greater struc- 
tural strength of this pile. 

The use of pretensioned concrete sheet 
piles is also an excellent application which 
has been recently developed. In marine work 
their use as permanent bulkheads will prove 
economical and sound. 

Another possible application of preten- 
sioned prestressed concrete which we have 
studied is that of a fender pile. They have 
practically all of the properties which a 
fender pile must have. 

A prestressed concrete fender pile would 
be trapezoidal in shape, say 12” on top, 10” 
on the bottom and 12” deep, or similar di- 
mensions. This would permit double bolting 
to resist torsion. The ability to resist longi- 
tudinal and lateral shear would be excellent. 
The skin friction surface available would be 
a maximum. Such a fender pile would have 
good resistance to abrasion, be impervious 
to marine borers, be easy to handle, drive 
and bolt. They would be absolutely uniform 
and strong in bending. 

Economic studies indicate that they would 
definitely be competitive with creosoted tim- 
ber piles because of their much greater 
strength and longer life. 

For friction piles various shapes of pre- 
tensioned concrete piles are possible which 
will give a higher frictional area to volume 
ratio than can be obtained with the usual 
square, octagonal or round piles. Preten- 
sioned friction piles in the shape of T’s and 
Y’s have been successfully used in the Far 
East. We have recently designed four and 
five pointed “star piles” which have excel- 
lent ratios of weight and volume to skin 
friction area, and which can be produced, 
handled and driven very economically. 

There has been tremendous interest in 
pretensioned concrete piles here on the West 
Coast as well as elsewhere. Because they 
meet the structural and economic criteria 
previously mentioned, they are included in 
numerous projects now on the boards. The 
future use of these piles appears almost un- 
limited. 

MISCELLANEOUS USES 

These applications of prestressed concrete 
which I have just discussed are common and 
well known to most of you. Piles, bridges, 
buildings and marine projects are all struc- 
tures which lend themselves to prefabrica- 
tion. 

There are other uses of prestressed con- 
crete which have great possibilities for the 
future. In fact, there is hardly a place where 
concrete is used that prestressed concrete 
cannot be used. And, there are some places 
where cast-in-place concrete is not feasible 
but which will be ideally suited for pre- 
stressed concrete. 

In addition to this competitive situation 
with reinforced concrete, prestressed con- 
crete will often be used in place of steel or 
timber on many projects because of struc- 
tural and economic reasons. Let me point 
out a few of these “miscellaneous” applica- 
tions which I believe will develop in the 
future. 
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1. Prestressed Concrete Barges: Concrete 
has been used for barges before but the use 
of prestressed concrete will make their con- 
struction much more feasible and economi- 
cal. We know they will be competitive 
with steel. In fact, we have made prelimi- 
nary designs for a very large self-propelled 
freight vessel in prestressed concrete for use 
in the Bay Area which indicates the prac- 
ticability of such construction. The manu- 
facture of prestressed concrete barges, 
towed and self-propelled, would be an in- 
dustry in itself. 

2. Overhead Transmission Lines: All tech- 
nicians concerned with the transfer and dis- 
tribution of electric power have given and 
still do give attention to the important prob- 
lem of “conductor supports” for transmis- 
sion lines. It is essential to obtain reliable 
and long-lasting transmission of power with 
the least possible depreciation. Let me quote 
from an article in a recent French publica- 
tion by Mr. P. Lombard, Chief Engineer of 
the Gas and Electricity Development Serv- 
ice in Algeria. After a brief discussion of 
wooden poles, flange metal girders, metal 
lattice pylons and ordinary reinforced con- 
crete posts for transmission lines, he drew 
the following conclusions: “Inspection of the 
first (prestressed posts manufactured and 
erected in 1941 has incidentally revealed 
that they have held up perfectly with the 
passage of time.” 

“From the technical point of view, the 
prestressed posts are considerably superior to 
ordinary concrete posts since they develop 
no cracks, even of a capillary nature, and 
the reinforcement is therefore protected from 
any penetration of water. It is impossible 
for such posts to be destroyed through oxi- 
dation of the rods, and their life is therefore 
practically unlimited. Besides, they are 
lighter, less cumbersome, stand up better 
under transportation and handling, and fi- 
nally, are more elegant in appearance.” 

“On the economic side, it has been shown 
above that they were less expensive than of 
either ordinary reinforced concrete, wide 
metal girders or metal pylons.” 

“Furthermore, they require no mainte- 
nance. They are therefore not only more 
economical in their initial cost but also 
cheaper to maintain.” I believe the above 
excerpts need no further comment other 
than to point out that all prestressed con- 
crete products generally have such advan- 
tages. 

3. Landing Runways and Aprons: In the 
immediate future I believe we will see a 
trend to construction of runways of pre- 
stressed concrete. Both the Navy and Army 
have test strips of prestressed concrete in 
operation today. You may have read of pre- 
stressed runways in France and Algiers 
which were built of unreinforced concrete, 
longitudinally compressed with flat jacks 
and transversely post-tensioned. In_ this 
country, I believe the greater ultimate 
strengths obtained with strands will lead to 
the use of longitudinal pretensioning with 
transverse post-tensioning. Abutments will 
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be constructed at intervals from 1000 to 
5000 ft., strands will be pulled and stressed, 
and the concrete slab poured. Such methods 
will result in structurally stronger runways 
with a considerable savings in concrete over 
the 18”-24” slabs which are being used 
today. 

In view of the increasing size of today’s 
aircraft and the loads which the runways 
must carry, this will be an exceedingly im- 
portant development. It is quite conceiv- 


able, also, that this development will extend © 


to concrete highways, as it has in England. 

These are but a few of the fringe area 
developments today in prestressed concrete 
which will become common practice tomor- 
row. If you, as engineers, have ideas on 
other applications, any leading manufacturer 
will be glad to furnish you information and 
data. 

CONNECTIONS AND CONTINUITY 

Connections which tie prefabricated units 
together at the site are as important a part 
of the design as the units themselves. While 
such connections are a vital part of any struc- 
ture, they become doubly important here in 
the West where seismic conditions exist. 

Generally speaking, connections for pre- 
stressed units fall into four categories: (1) 
welding, (2) bolting, (3) mild steel with 
cast-in-place concrete and (4) post-tension- 
ing. Each type of connection will have ap- 
plication in different types of structures both 
for simple spans and continuity develop- 
ment. The right connection will be depend- 
ent on the type of member and the condi- 
tions involved. 

The greatest progress in the matter of 
connections remains to be made in the field 
of continuity. In order to make full use of 
the material continuity should be developed, 
where possible, to achieve maximum effi- 
ciency. While various methods of developing 
continuity have been used for prestressed 
concrete units it is still a field which demands 
further study and research. 

Past experience has shown that simple 
spans of prestressed concrete can be com- 
petitive with other materials used as contin- 
uous members. This competitive position will 
improve as further advances are made in de- 
velopment of continuity of prestressed con- 
crete units. 

TRANSPORTATION AND ERECTION 

Hauling of precast prestressed concrete 
has different limitations depending upon the 
means of transpertation. Truck transporta- 
tion limits the length of members which can 
be transported to about 80 ft. Members up 
to 150 ft. could be transported by rail 
whereas practically no limitation exists on 
water transportation. 

The distance which it is possible to ship 
economically is difficult to specify since it 
will vary from product to product, different 
destinations and depend on competition 
which may be present at that point. 

We have quoted competitively on piles for 
shipment to midwest, south and to Alaska. 
On bridge and building members as well as 
piles, we have quoted competitively on proj- 
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ects throughout California. 

I have been informed that prestressed con- 
crete building units will soon be shipped 
from Napa to Seattle for a large project cov- 
ering close to 500,000 square feet. This 
project probably seems large enough to set 
up for at the site. However, shipping costs 
to distant points will often be offset by the 
more economical and efficient operation and 
productivity which can be attained in a cen- 
tral plant. This proved to be the case in this 
project. The ability of the prestressed con- 
crete industry to economically ship consid- 
erable distances should not, therefore, be 
underestimated. 

Many contractors penalize prestressed con- 
crete erection quotations because of unfa- 
miliarity with it. While this is natural with 
any new material, it is expected that such 
“penalties” will diminish as experience is 
gained in handling such units. This, of 
course, can only come with time. When- 
ever that experience has been gained, erec- 
tion has become a simple problem, as indeed 
it is. For example, on three recent jobs on 
which we furnished prestressed concrete 
units the contractors underestimated their 
ability to erect by scheduling shipments over 
twice as long a period as was necessary. 

CONCLUSION 

Before closing I would like to clarify a 
few points which may be possible of misin- 
terpretation. 

My comments to you today have been 
made, not only as a fellow member of the 
Structural Engineers Association, but as a 
manufacturer of prestressed concrete and 
as an officer of the Prestressed Concrete 
Institute. 

I have attempted to briefly describe what 
the industry has done, what it is doing in 
the development of manufacturing tech- 
niques, and some of the trends and _ possi- 
bilities which we, as manufacturers, see in 
the future. 

While we may plan, predict and hope 
about the future of prestressed concrete, we 
recognize that it will be up to the design 
engineer to give form to these ideas. There- 


fore, our goal will be to make it as easy as 
possible for you to consider, accept, and use 
prestressed concrete in your projects when- 
ever structurally or economically feasible. 

The prestressed concrete industry is natu- 
rally quite enthusiastic about its products. 
Properly used they will be the ideal solution 
to many of your problems. 

The industry recognizes that its products 
must be economically competitive and struc- 
turally sound to be acceptable. However, we 
ask that you recognize this fact — prestressed 
concrete is a high quality product produced 
under close supervision of materials and 
workmanship. As such it may well be worth 
the additional cost, as a better product, in 
those instances where another material is ap- 
parently more economical. 

We hope that you do not feel we are in- 
fringing upon your design integrity when we 
propose various standard designs. Our pur- 
pose is two-fold in doing so — to achieve an 
economy in manufacturing through stand- 
ardization and to save you design time. We 
will, of course, make any type of prestressed 
concrete product of your own design if our 
standard sections are not adaptable to your 
project. 

At the present, standard design products 
vary to some extent from company to com- 
pany. It is hoped that in the near future— 
it may be one year or five years — the Pre- 
stressed Concrete Institute, as the voice of 
the industry, will be able to publish a na- 
tional standard handbook on different mem- 
bers, codes and specifications. Until that 
time any manufacturer of prestressed con- 
crete will be glad to discuss with you possi- 
ble prestressed concrete projects without 
obligation. 

It is a pleasure to tell you that next July 
29th through August 3rd the Prestressed 
Concrete Institute will hold its 3rd annual 
meeting in San Francisco in conjunction 
with a World Conference on Prestressed 
Concrete sponsored by the University of 
California. We sincerely hope you will be 
able to attend as the program will, I am 
sure, be most interesting to you. 
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Hydrocrane’s Working Boom Hoist 
Speeds Concrete Handling Jobs 


With the Hydrocrane, any boom 
angle is a working position be- 
cause the boom is raised or 
lowered dozens of times a day 
as part of the crane’s regular 
operating cycle. Even with full 
load suspended, you can raise 
or lower boom and swing or 
telescope at the same time, with 
the precise control that only 
Hyrocrane offers. It’s just one 
of the many unique, time-saving 
features that make the Bucyrus- 
Erie Hydrocrane the ideal ma- 
chine for setting concrete blocks 
and planking, hoisting concrete 
buggies, erecting concrete fac- 
ing, pouring concrete. 


BUCYRUS-ERIE CO. 


You also gain many advan- 
tages working in confined areas. 
The Hydrocrane’s rugged out- 
riggers, which permit conven- 
tional motor truck mounting, 
give you an unusual combina- 
tion of high capacity and top 
mobility. Extremely short tail 
swing lets you put the crane in 
the highest spots. 


Hydrocranes are now avail- 
able in two sizes—the 5S-ton 
H-3 and the 10-ton H-5. See 
one in action soon — arrange 
for a demonstration with your 


Bucyrus-Erie distributor. 200Hs7 


South Milwaukee, Wis. 
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What 
is 
P.C.1.? 


By J. Rex Farrior, Jr. 


Legal Counselor for P. C. I. 
Tampa, Florida 


P. ce. l. is legally known as Prestressed Concrete Institute, Inc., 
a corporation not for profit organized and existing under the statutes of 
Florida, Chapter 617. The Institute is legally recognized as a scientific, 
charitable and benevolent association. 


The original charter was approved by the Circuit Court at Tampa, 
Florida, on June 18, 1954. Officially, the object of the Institute is the 
formation of an association of manufacturers of prestressed concrete and 
of persons and companies in allied or related industries for the mutual 
exchange of information and ideas; and generally to do anything bene- 
ficial for its members and the prestressing business which does not violate 
the laws of Florida or the United States. 


The charter provides for seven classes of members: Active, for 
prestressed manufacturers; Associate, for related businesses; Professional, 
for architects and engineers; Affiliate, for supervisory and_ technical 
employees, non-graduate; Junior, for architects and engineers in train- 
ing; Student, for students enrolled in accredited architectural and engi- 
neering colleges, and Honorary, for such persons as the Board of Direc- 
tors may wish to honor. 

From a tax standpoint, the Institute enjoys an enviable position. 
Being a valid non-profit corporation, it is not required to pay any tax 
on its receipts, and therefore 100 per cent of its income can be devoted 
to research and other useful projects. 

Fortunately, also each member’s dues and contributions are com- 


pletely deductible by the member for income tax purposes. 


Both tax factors therefore guarantee to the Institute's members 
more than full value for each dollar invested. 
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e235 4.5 FIFTH STREET 


BOCA RATON, FLORIDA 


MEMBERSHIP QUALIFICATIONS 


SCHEDULE OF DUES 





Anyone engaged in the production of prestressed concrete, or in the production of 
materials or equipment allied to the prestressing industry; licensed architects and 
engineers; engineers and architects in training, and students enrolled in accredited 
schools of architecture and engineering, are invited to apply for membership in 
the Prestressed Concrete Institute. Membership classifications have been established 
as follows: 


ACTIVE 

Organizations and individuals actively engaged in the 

production of prestressed concrete products. 

Annual Membership Dues. $250.00 
ASSOCIATE 


Organizations and individuals engaged in the production 
of materials and equipment allied to the prestressed 
concrete industry. 








Annual Membership Dues. $250.00 
PROFESSIONAL 

Limited to registered architects and engineers. 

Annual Membership Dues. $ 25.00 
AFFILIATE 

Limited to supervisory and technical employees, non-graduate. 

Annual Membership Dues. $ 15.00 
JUNIOR 

Limited to architects and engineers in training. 

Annual Membership Dues. $ 15.00 
STUDENT 


Limited to students of accredited architectural 

and engineering schools. 

Annual membership dues, effective January 1, 1957 $ 10.00 
(For student members outside continental U. S., Canada included ) 


12.00 


Members receive the PCI] JOURNAL, a quarterly technical publication, and 
PCltems, a monthly news bulletin, without additional cost, plus research bulletins 


and other information on prestressing as it becomes available 
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PRESTRESSED CONCRETE INSTITUTE 








225 W.E. FIFTR SIEREEY 
BOCA RATON, FLORIDA 


APPLICATION FOR MEMBERSHIP IN PRESTRESSED CONCRETE INSTITUTE 


(A non-profit corporation) 


1. Name and address of company applying for membership: 


2. Name of person to represent company in Institute affairs: 


3. Type of membership applied for: 
[] Active (manufacturer) 
| have done the following types of prestressing: 


Post-tensioning 

Pre-tensioning 

Combination of both of above 
Precasting 

On-the-job post-tensioning 
On-the-job pre-tensioning 
Design 


ODOOOOU 


CJ 


[} Associate (related business) 


| am in the business of 


Professional (registered architect or engineer) 
| hold certificate No... ___ of the State of 


graduate) 


nO OO 


and engineering) 
Name of School_— 


Junior (limited to architects and engineers in training) 
Student (limited to students of accredited schools of architecture 


Affiliate (limited to supervisory and technical employees, non- 


| understand the financial arrangements and am not to make any pay- 


ment until approval of this application for membership. 
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STEELFLEX 
au meta. Ylexcble 
CABLE CASING 


For Armoring Post Tension 
Reinforcing Assemblies 
*Lengths to your specifications Flexible 
Tubing furnished with cement grouting inlets 
if specified. 








Write for Bulletin U-100-BX-1 
ax 


or Quality... au mera 


FLEXIBLE HOSE PRODUCTS 


— UNIVERSAL 
METAL HOSE CO. 


2187 S. KEODZIE AVE., 
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pabliied: consti by | 
Prestressed Concrete 
Institute 


This lively illustrated news 
bulletin presents news oi 
Institute activities . views 


of members facilities - 
highlights outstanding pre- 
stressed concrete applications, 
and reports on latest develop- 
ments in reserach, production 
of prestressed concrete. 
Subscription $2.50 per year 
To start your subscription, 
write to— 


EDITOR 


PClitems 
2132 N.E. Ninth Street 
Fort Lauderdale, Florida 
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LIBBY-BASKAM 


Consulting Engineers 


JAMES R. LIBBY 


Prestressed Concrete Design * Plant Design 

Bridges ¢ Multi-Story Buildings * Stadiums 

Industrial Buildings ¢ Trestles * Reports 
Consultation 


151 Radcliff Dr., W. © E. Norwich, N. Y 


ENIS Y. BASKAM 


Lakeland Engineering 
Associates, Inc. 


Professional Engineers 
P.O. Box 495 Phone Mutual 8-3971 


Lakeland, Florida 


Consultants in Prestressed Concrete Design 
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PROFESSIONAL 







service 


WAYLAN ENGINEERING CO. 


Structural Consultants 


A. M. OZELL WAYNE D. HEASLEY 
PAUL M. ZIA, Consultant 
Consultants in Prestressed Concrete 
Reinforced Concrete ¢ Steel Design 
47 East Robinson Avenue 
Orlando, Florida 


This PROFESSIONAL SERVICES section 
has been established to enable engineers and 
architects to list the services they offer to the 
prestressing industry. Advertising rates are 
$10.00 per column inch. Copy should con- 
form with ethical standards for advertising 
as established by the various professional 
associations which govern advertising of 
architects and engineers. Copy and inquiries 
should be directed to the JOURNAL Publi- 
cation Office: 3132 N.E. 9th Street, Fort 
Lauderdale, Florida. 
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MAKE PLANS NOW TO ATTEND THE WORLD CONFER- 
ENCE AND 3rd ANNUAL PCI MEETING, San Francisco, 
California, July 29 through August 2, 1957 
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CUT BUILDING COSTS 
STEEL FORMS IN CALIFORNIA 
... With prestressed concrete double T slab 


floors, ceilings and roofs! 


Southern California’s phenomenal growth coupled with the nationwide increas- 
ing building costs prompted Rockwin Prestressed Concrete Corporation to in- 
vestigate and install FORM-CRETE double T casting forms in their Norwalk 
plant to provide needed construction savings in the area. 
} The building illustrated is one of several in the Los Angeles area designed by 
architectural associates Jack H. McDonald and Cejay Parsons (one of Rockwin’s 
many customers) utilizing economical prestressed double T concrete slabs for 
floors, ceilings and roofs. 

We, the Florida Division of FMC, are pioneers in the engineering, design and 
fabrication of prestressed concrete poured-in-place and semi-portable flat-bed 
steel forms for producton line casting of every type of prestressed construction 
product. In addition, we offer a free engineering and design consultant service 
for your steel form needs in custom fabrication on specialized projects. 

Investigate the highly profitable new market in the prestressed concrete prod- 
uct field with its unlimited applications...write, wire or phone today —get into 
the prestressed concrete business now with FORM-CRETE steel casting forms! 















FORM-CRETE DOUBLE T ALL-STEEL CASTING 
FORMS —By utilizing a variety of grout forms 
and stem heights any ingenious manufac- ~ : oe 

turer can easily surpass the 37 individual > . ee > eo 
prestressed concrete castings that we con- >> | 

servatively estimate may be produced from 
this one all-steel, semi-portable flat bed form 
assembly. 
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FORM-CRETE STEE FORMS FOR CASTING REINFORCED OR PRESTRESSEO CONCRETE 
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Frank Gaus of Oakland, California and Howard Basile of Durham, 
North Carolina are Sika dealers. They have just completed one of our 
week long courses featuring the newest techniques in concrete and 
masonry construction. 

You can benefit from the extensive technical training and field “know- 
how” of your Sika representative. Let him bring you the latest informa- 
tion on watertight concrete structures, uniform concrete summer and 
winter, prestressed concrete beams, steam curing, tremie concrete, revi- 
— of concrete, heavy duty floor construction and other related 
subjects. 


This Sika service is available wherever your project may be located, 
here or abroad: 


UNITED STATES (district offices): Boston, Chicago, Dallas, Detroit, Philadelphia, Pittsburgh, 
Salt Lake City, Washington, D. C. (dealers): Albuquerque, Atlanta, Baltimore, Birmingham, 
Casper, Wyo., Cincinnati, Dayton, Denver, Durham, N.C., Houston, Idaho Falls, Lexington, 
Ky., Los Angeles, Miami, Nashville, Oakland, Salina, Kan., Seattle, Wash., St, Paul, 
St; Lovis, Tulsa: and Honolulu, Hawaii. 


CANADA (district offices): Montreal, Vancouver. (dealers): Halifax, Ottawa, Quebec, Toronto. 


CENTRAL AMERICA (district office): Panama City. (dealers): Costa Rica, Cuba, Dominican ~ 
Republic, El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, Virgin Islands. 


AFFILIATED SIKA ORGANIZATIONS: Argentina, Austria, Brazil, Chile, Colombia, Ecuador, 
England, France, Germany, Italy, Japan, Peru, Spain, Sweden, Switzerland, Venezuela. 


PLASTIMENT CONCRETE DENSIFIER—IGAS JOINT SEALER—RUGASOL 
(for exposed aggregate)—SIKACRETE ACCELERATING DENSIFIER. 


SIRA CHEMICAL CORPORATION 


PASSAIC, NEW JERSEY 











